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THE United States Antarctic Service Expedi- 
tion of 1939-1941, of which the main results are 
presented in this volume, was the first United 
States Government expedition to go to the Ant- 
arctic since the famous United States Exploring 
Expedition of one hundred years before under 
the command of Lieutenant (later Rear Admiral) 
Charles Wilkes, U. S. Navy, explored that area 
as part of its far-flung program. American par- 
ticipation in discoveries in the South Polar region 
has been due mainly to private enterprise, rang- 
ing from the voyages of the Connecticut sealers, 
particularly Nathaniel B. Palmer, in the 1820's, 
to the expeditions undertaken since the intro- 
duction of flying—by G. H. (now Sir Hubert) 
Wilkins under American sponsorship in 1928 and 
1929, by myself in 1928-1930 and 1933-1935, 
and by Lincoln Ellsworth between 1933 and 1939. 

The origin of the Antarctic Service expedition 
may be stated, broadly, to be due to the desire 
to place the United States in possession of full 
and up-to-date knowledge with regard to the 
geography and natural resources of the Antarc- 
tic, especially the hitherto unknown sector in 
which the extreme southeastern part of the 
Pacific Ocean abuts on the continental landmass 
of Antarctica. Other countries—aGreat Britain, 
Australia, France, Norway—claim sovereignty 
over parts of Antarctica, and it is incumbent on 
us to be prepared with information for whatever 
policy concerning territorial rights the Govern- 
ment may decide upon. 

With the support of the President and the 
Department of State the United States Antarctic 
Service was established in 1939 in the Division 
of Territories and Island Possessions of the De- 
partment of the Interior with funds of $350,000 
appropriated by Congress, to which was later 
added an appropriation of $171,000 for the sec- 
ond year of the expedition, making a total of 
$521,000. An Executive Committee was ap- 
pointed consisting of one representative each 
from the Department of State, the Treasury 
Department, the Navy Department, and the 
Department of the Interior to organize, coordi- 
nate, and direct the Antarctic Service. By the 
President the writer was designated Command- 
ing Officer of the Antarctic Service and ex officio 
member of the Executive Committee. 
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On the return of the expedition in 1941 a sym- 
posium on its scientific results was organized by 
the American Philosophical Society of Philadel- 
phia and twelve invited papers by members of 
the expedition were presented at the Society's 
Autumn General Meeting of November 21-22, 
1941. Invited presentation carries the implica- 
tion of publication in one of the Society’s series, 
and accordingly ten of these papers, either in 
original or revised form, are published in the 
present volume. Besides these, fifteen further 
papers and some fifteen reports on the zoological 
and other specimens collected on the expedition 
have been added. These additions have been 
made possible through the generous cooperation 
of the American Philosophical Society and have 
the effect of making the present volume a much 
fuller report on the expedition than would other- 
wise have been the case. 

Only a fortnight after the Autumn Meeting 
came that fateful December 7, and as a conse- 
quence practically all of the members of the 
expedition entered the armed services of their 
country. This meant that the completion of the 
reports assigned to various members of the expe- 
dition would be long postponed if not rendered 
entirely impossible. Furthermore, it remained 
uncertain whether Congress after a long war 
would appropriate funds for the publication of 
the expedition results even if all manuscripts 
were finished. Under the circumstances the Na- 
tional Academy of Sciences, in whose care, 
according to the original instructions to the 
Antarctic Service, were to be placed the prepa- 
ration, supervision, and editing of the records of 
the scientific results under arrangements to be 
made with it by the Executive Committee, de- 
clared itself willing to have the American Philo- 
sophical Society assume that responsibility. 

As a natural consequence of exploration in 
hitherto unknown areas many new geographical 
features were discovered on the expedition. In 
keeping with the traditional practice of explorers, 
names were given these features by members of 
the expedition, some descriptive of the physical 
appearance of the features and others to honor 
outstanding scientists and mariners or persons 
connected with the organizing and equipping of 
the expedition or those who actively participated 
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in it. A year and a half after the symposium 
was held, there was brought to my attention the 
existence of the Board on Geographical Names of 
the Department of the Interior, which renders 
decisions on the spelling of geographical names 
that is to be used on maps and textual publica- 
tions issued by the United States Government 
and to which Board “‘all names suggested for any 
place by any officer or employee of the Govern- 
ment shall be referred for its consideration and 
approval before publication.’”” The names were 
then submitted to this Board but the Board has 
not been in a position as yet to render decisions 
on them. Since there is no indication as to when 
such action will be taken and it is desirable that 
this material be published, the papers are being 
published as originally prepared with the under- 
standing that this is not an official publication 
of the Government, so that the names of the 
places, whether in the text or on the illustrations 
or on the maps, may later be accepted or changed 
by a Government agency for Government pub- 
lication. 

My cordial appreciation is extended to Presi- 
dent Franklin D. Roosevelt for his sympathetic 
interest in and support of the undertaking. 
Grateful acknowledgment is also made to the 
members of the Executive Committee who, ap- 
pointed by the Secretaries of their respective 
Departments, consisted of the following: Rear 
Admiral (deceased) C. C. Hartigan, U. S. Navy, 
chairman; Rear Admiral R. R. Waesche, U. S. 
Coast Guard; Dr. Rupert Emerson, Dr. Ernest 
Gruening, Mrs. Ruth Hampton, Department of 
the Interior; Mr. Hugh S. Cumming, Jr., De- 
partment of State. Mr. W. L. G. Joerg, of the 
National Archives, was of inestimable assistance 
in connection with our scientific program, and 
in otherwise giving the undertaking the benefit 
of his wise counsel. Of those who actually did 
the work, the members of the expedition, it is 
possible here only to mention Dr. (now Major) 
Paul A. Siple, who had been a member of my 
two private expeditions, in charge of the vitally 
important task of procurement and logistics in 
the United States and in command of the West 
Base; Dr. (now Major) Alton Wade, Senior 
Scientist who spent the winter at the West Base; 
Captain Richard Cruzen, U. S. Navy; and Mr. 
(now Commander) Richard B. Black, in com- 


mand of the East Base. Lieutenant Commander 
R. A. J. English, U. S. Navy, as Executive Sec- 
retary of the Antarctic Service, was in constant 
radio contact from Washington, D. C., with the 
expedition while it was in the field. Messrs. 
J. E. MacDonald and Harold P. Gilmour suc- 
cessively served as Administrative Assistants to 
the Commanding Officer until the termination of 
the Antarctic Service on June 30, 1943. My 
warm thanks are extended to the American 
Philosophical Society and particularly to Dr. 
William E. Lingelbach and Dr. L. P. Eisenhart 
who, respectively as the Society’s Editor and 
Director of Publications and Executive Officer, 
concluded the arrangements for the publication 
of the present volume. 

It should also be noted that Congress did not 
appropriate sufficient funds to enable this expe- 
dition to carry out its scientific program. It, 
therefore, became necessary to procure the addi- 
tional needed equipment from citizens who were 
interested in science. Mr. Charles R. Walgreen, 
of Chicago, Illinois, and Mr. William Horlick 
(deceased), of Racine, Wisconsin, made it pos- 
sible to properly equip the famous old ice ship, 
the U.S.S. Bear. The Kohler Family, of Kohler, 
Wisconsin, and Mr. George F. Getz and Mr. 
Justin, of Chicago, Illinois, supplied the seaplane 
to be carried on the Bear for use from the water. 
With this plane and the Bear hundreds of miles 
of new coastline were discovered. 

The reader desiring further information is re- 
ferred for a brief connected account of the entire 
expedition to an article by Commander English 
in the Geographical Review for July 1941 and for 
details as to organization, personnel, etc., to the 
Hearings before the Subcommittee of the Com- 
mittee on Appropriations, House of Representa- 
tives, 76th Congress, First and Third Sessions. 
The first official map embodying the discoveries 
of the expedition, although on a small scale, is 
Hydrographic Office Chart No. 2562. The rec- 
ords of the Antarctic Service, correspondence, 
reports, maps, photographs, and motion pictures, 
have been deposited in the National Archives, 
Washington, D. C. 


RICHARD E. ByrbD 
Rear Admiral, U.S.N. (Rid.) 
Commanding Officer, U. S. Antarctic Service 
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AN INTRODUCTION TO THE SYMPOSIUM ON SCIENTIFIC RESULTS OF THE 
UNITED STATES ANTARCTIC SERVICE EXPEDITION, 1939-1941 


Major F. ALTON WADE, U. S. Army 


Senior Scientist, U. S. Antarctic Service 


WHEN plans were first formulated for the re- 
cent expedition to the Antarctic, it was our inten- 
tion to take advantage to the full of the unusual 
opportunity to carry on research work in one of 
Nature’s most unusual laboratories. Most of the 
previous expeditions had for their primary pur- 
pose the attainment of the South Pole,.or pure 
geographical exploration, with scientific research 
playing an unimportant secondary role and being 
carried on by a few admirable, industrious souls 
who took advantage of the opportunities placed 
before them. Indeed, there are outstanding ex- 
ceptions, to name just two: the Scott Expedition, 
1901-1903, and the Byrd Antarctic Expedition IT, 
1933-1935, both of which returned with an amaz- 
ing amount of scientific data. Undoubtedly, the 
two-man winter party, Bagshawe and Lester, of 
the British Graham Land Expedition, 1920-1922, 
collected more data per man than has been col- 
lected by the members of any expedition before 
or since. Future expeditions could profit well by 
following the example set by those two. 

When the expedition was authorized by Con- 
gress and funds were made available for organiz- 
ing and maintaining the expedition under the 
newly established United States Antarctic Service, 
less than six months’ time remained before the 
ships were to sail for the South Polar Region. 
To even harbor the thought of planning, equip- 
ping, and starting an expedition on its way in 
such a short interval of time was considered fool- 
ish, and it was accomplished only through the 
splendid co-operation of many governmental bu- 
reaus and agencies and of several private insti- 
tutions, and by the untiring efforts of certain 
individuals. 

Fortunately, much preliminary work had _ al- 
ready been done. Admiral Byrd had been plan- 
ning and organizing a third expedition to Ant- 
arctica and, when he was appointed commander 
of the United States Antarctic Service Expedition, 
all of his plans and those of the small group of 
men who had been working with him were made 
available. A well-rounded scientific program was 
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already in outline form. In the interval since his 
return from Antarctica in 1935, the author had 
occupied himself with the task of planning a com- 
prehensive program. Over fifty of the leading 
scientists in this nation and in foreign countries 
were asked to criticize the preliminary program 
and to offer suggestions. They were, for the most 
part, extremely enthusiastic about the proposed 
expedition and eager to co-operate, and their sug- 
gestions were most helpful in drafting the final 
program. For various reasons many of their 
splendid ideas could not be incorporated in the 
program, but more were than were not, and the 
accepted program included the ideas of nearly one 
hundred individuals. 

At the request of the Government, a meeting 
was sponsored by the National Research Council 
and held at the National Academy of Sciences on 
July 28, 1939, to which were invited the heads of 
the governmental scientific bureaus and agencies 
and representatives of independent institutions. 
The program was reviewed, discussed, and ap- 
proved by the group. 

Because the proper people were not consulted 
at the time the budget for the expedition was set 
up, a woefully inadequate sum of money was set 
aside for scientific equipment and for the expenses 
of the scientific department. However, many of 
the agencies and institutions, whose budgets even 
then were badly strained, provided us with equip- 
ment and men to carry on the work. To fill out 
the staff it was necessary to ask for volunteers. 
One extremely important phase of the program 
had to be abandoned because no funds were avail- 
able: oceanography. It seemed an unforgivable 
omission, since our two ships would be operating 
in unexplored waters with plenty of opportunity 
for oceanographic work. 

Twenty-one trained scientists were included in 
the personnel of the expedition. Four. of them, 
two naturalists and two cosmic-ray observers, 
stayed with the ships. Seventeen were stationed 
at the bases; eleven at West Base at latitude 
68°29’ S. and longitude 163°57’ W., and six at 
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East Base at latitude 68°12’ S. and longitude 
67°03’ W. The men were unequally distributed 
between the two stations because one locality of- 
fered more possibilities than did the other. West 
Base was 10 degrees farther south and closer to 
the magnetic pole by 1700 miles than was East 
Base. Research in such fields as magnetism, au- 
roral phenomena, and glaciology could be carried 
on there more advantageously. 

The program included detailed observations and 
research in the following fields: auroral phe- 
nomena, bacteriology, botany, cosmic rays, glaci- 
ology, magnetism, medicine, meteorology, micro- 
paleontology, ornithology, petrography and pe- 
trology, physiography, physiology, seismology, 
structural geology, and zoology. 

Expeditions have always been undermanned and 
this latest was no exception. Members of the 
scientific staff were expected to do, and did do, 
all sorts of work, mostly of the manual variety, 
and during certain periods, when all hands were 
needed on a job, the observations were necessarily 
neglected. During the period when the ships were 
unloading and immediately afterwards, when the 
supplies were being transported to the camp site 
and when the buildings were being erected, every 
person was needed to assist in those operations. 


Biologist, geologist, physiologists, and physicists 
became either dog-drivers, or tractor-operators ; 
meteorologists and doctors became sled-loaders 
and unloaders; others joined the construction 
gang; and a few were assigned the bloody task 
of killing seals and transporting the carcasses back 


to camp for dog food. In fairness it should be 
pointed out that once the camps were established, 
the technicians in turn came to the assistance of 
the scientists and many of the former became ex- 
cellent observers of certain phenomena. 

The scientific program was greatly modified 
and expanded during the year’s stay on the ice 
to meet the existing conditions. Originally, it 
was a very flexible program because the exact 
sites of the bases were not designated, could not 
be designated, and no one could predict the exact 
conditions that would be encountered. 

Many phases of the program were carried to 
completion, while others were hardly started, some 
were abandoned entirely, and new ones appeared 
to replace them. The decision of Congress to 
bring the expedition to a conclusion after one year 
in the field, primarily because of the international 
situation, resulted in incomplete records in -many 
instances. However, the members of the staff at 


both bases and on the ships did an unprecedented 
amount of work, and the results will prove the 
statement that more scientific data were collected 
by the members of the United States Antarctic 
Expedition, 1939-41, than by any previous expe- 
dition to the same region. 

A few of the reports have been completed, others 
are nearing completion, and a few of them, be- 
cause of the immense amount of labor involved 
in tabulating and correlating results and in review- 
ing previous work, will not be ready for months. 

The papers included in this‘ symposium repre- 
sent a cross-séction of the results. Some of them 
are final reports; others are condensed versions ; 
a few are preliminary in character. It is possible 
that, when some of the data are more completely 
analyzed, modification or expansion of certain 
theories and interpretations will be necessary. In 
that event, supplementary reports will be published. 

The members of the Scientific Staff are all 
deeply grateful to have this opportunity to publish 
a portion of the results and wish to express their 
sincere thanks to the American Philosophical So- 
ciety for sponsoring this Symposium. 
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(Read November 22, 1941, in the Symposium, by Herbert G. Dorsey, Jr., in absence of author on duty at Pearl Harbor) 


THE East Base of the United States Antarctic 
Expedition was located on a small rocky island 
in Marguerite Bay in latitude 68° 12’ S., longi- 
tude 67° 03’ W. The island is connected to the 
mainland of the Palmer Peninsula by a drifted 
snow slope leading to a quiescent glacier area of 
the continental ice. This island was eventually 
named Stonington Island, after Stonington, Con- 
necticut, the home port of the sloop Hero, in 
which Captain Nathaniel Palmer first sighted the 
Antarctic Continent in 1820. The island is 
about 2,500 feet long in a northwest-southeast 
direction and about 1,000 feet wide. Morainic 
boulders and ‘pebbles cover part of the surface, 
but much of the island is composed of native rock 
in place. Its highest point is a rocky span near 
the southeastern end, about 80 feet above mean 
low water. Directly east of the base, steep gla- 


cier slopes lead to passes in the mountains form- 


ing the western escarpment of the high central 
pleateau of the peninsula. The site was selected 
because of its accessibility to these passes, which 
would allow year-round travel into the interior, 
and because of its close proximity to a compara- 
tively level surface inland which would serve as a 
flying field when the sea ice was not suitable for 
plane operations. 

The base had a complement of 26 men, selected 
from several civilian departments of the Govern- 
ment and from the Navy, Army, and Marine 
Corps. Transportation facilities included 1 
Curtis-Wright ‘“‘Condor”’ biplane, 75 dogs, 1 light 
Army tank, and 1 light artillery tractor. 

The United States Antarctic Service had been 
authorized by an act of Congress on June 30, 
1939, and the expedition had sailed from the East 
Coast of the United States in November of the 
same year in the U.S. M.S. North Star and the 
U. S. S. Bear. The two ships took separate 
routes across the Pacific and entered the Ross 
Sea, where they established the West Base near 
the site of the base camp of the two Byrd Ant- 
arctic Expeditions in the Bay of Whales. Late 


in January of 1940 the ships departed from West 
Base, the Bear to make a cruise along the outside 
of the pack in the Pacific Quadrant, during which 
Rear Admiral Richard E. Byrd, commanding 
officer of the expedition, made several flights and 
discovered a section of coastline; and the North 
Star to proceed to Valparaiso, Chile, where she 
embarked the 600 tons of supplies and equipment 
for East Base. The two ships met in Marguerite 
Bay on the fifth of March and started a search 
for a suitable base site. The island site was 
located during a scouting flight by Byrd, Black, 
Snow, and Perce on March 8; and on March 11, 
after a delay caused by one of the easterly gales 
so common in this region, the task of unloading 
was commenced. The discharge of cargo was in- 
terrupted several times by severe blizzards and 
by the fact that the “‘top-hamper’”’ of the Bear 
made it necessary for her to seek a safe haven at 
Horseshoe Island whenever a strong wind devel- 
oped, and it was not until the morning of March 
21 that the two ships finally cleared the base and 
departed for South American ports. Admiral 
Byrd sailed on the Bear and directed operations 
during the next year from the United States. 
Living in a tent camp, all hands of East Base 
worked through every moment of daylight to 
complete the main building, and it was occupied 
on March 27. Attention was then given to the 
construction of the machine shop and generator 
house, and later of the science building. All the 
major construction was completed by late April. 
The sectional buildings had been designed by the 
construction corps of the Army and were most 
satisfactory. The main building was arranged 
like a large Pullman car, with five two-man par- 
tioned cubicles along each wall, a mess table 
down the center aisle, the galley in one end, and 
the leader’s quarters and the sickbay in the other. 
A feature which contributed greatly to the com- 
fort and efficiency of the building was a false, 
raised deck 16 inches above the insulated main 
floor in all except the galley. The circulation of 
air beneath this deck kept the floor dry and 
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warmer and prevented the crust of ice which is 
the usual carpet in a polar camp. 

After the base had been made secure and all 
machinery necessary for the operation of the 
aviation and radio departments had been placed 
inside and in working order, a force of men 


started the rigging of the airplane. After several 
unsuccessful attempts to haul it by tractor up 
the first steep slope of the glacier, it was finally 
flown from a very restricted area on the island 
and landed a mile from the base on a selected 
portion of the glacier. A meteorological outpost 
had been previously established at the high field; 
and it was the opinion of the meteorologist, 
Dorsey, that an eddy in the winds falling down 
the several passes from the mountains had caused 
the slight dome of smooth snow selected as the 
field, and that this condition would probably be a 
fairly corstant one. It would help to keep the 
crevasses of the slowly moving glacier properly 
bridged and to make the area suitable for opera- 
tion of the plane. 

On the twentieth of May, Black (base leader), 
Snow (pilot), Perce (co-pilot and radioman), and 
Carroll (aerial mapping cameraman), Ronne, 
chief of staff, and Dyer, navigator, made a 
reconnaissance flight into the mouth of George 
the Sixth Sound to photograph possible sledge 
routes and to pick a location for an emer- 
gency cache of food and supplies somewhere 
south of the Wordie Shelf Ice. The next day the 
flight crew and Hilton (surveyor) flew a cache of 
man food, dog food, and equipment to latitude 
69° 32’ S., longitude 66° 56’ W., and landed it on 
a smooth area about 2,000 feet above sea-level. 
This station was known as the Wordie Cache, and 
was so placed as to be easily accessible to parties 
coming back to base from journeys to the south- 
west or southeast, and was far enough east so 
that it would be on an interior sledging route 
which would be developed later. Rymill of the 
British Graham Land Expedition, working in this 
area in 1936-37, was handicapped somewhat by 
the necessity of having to return to his base be- 
fore the sea ice ceased to be a safe highway, or 
about the first of January. 

On the way home from this cache-laying flight 
of May 21 a short circle was made over the 
plateau east of the base. In passing eastward up 
the glaciers back of Neny Fjord, a low-altitude 
trough was seen to trend southeastward from 
Neny Glacier on an azimuth of about 140° true. 
It appeared that if the glacier could be attained 
from the sea ice and its crevassed and very steep 
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slopes negotiated, a route across the peninsula 
and to the south might be found beyond. As the 
plane turned for home, the first glimpse of the 
Weddell Sea was presented to the party—a 
sweeping arc which must have been Wilkins’ 
Mobiloil Bay, bounded on the north by Cape 
Northrup and Robinson Island, and on the south 
by the confused rocky masses which make up the 
vicinity of Cape Keeler. While the plane was 
circling down from the plateau, a large glacier 
northeast of camp was observed to have a lower 
gradient than the others and it was marked for 
later investigation as a sledge route to the crest 
of the 6,000-foot plateau. There appeared to be 
a number of icefalls which might completely 
block sledging, but it seemed that there were 
possible routes around them. During the land- 
ing the tail-ski capsized after a preventer wire 
broke, and the tip of the ski ploughed into the 
surface and caused the plane to swerve sharply 
to a stop, while the rear section of the ski drove 
up into the after part of the stabilizer assembly, 
causing some unfortunate but reparable damage. 

In the latitude of East Base the sun is below 
the sensible horizon at noon from late May until 
mid-July, but during the hours near noon there 
is a considerable amount of twilight. During 
this period the necessary outdoor camp work was 
performed during the middle of the day, and the 
rest of the working hours were devoted to plans 
and physical preparations for the summer jour- 
neys into the unknown. 

This portion of the Antarctic is only slightly 
known, not because of exceptionally low tempera- 
tures or a long winter night, but because of ex- 
tremely unfavorable weather conditions during 
the seasons when exploration by flight and trail 
can be undertaken. Under a condition of light 
westerly winds, low cloud and fog would lie for 
weeks on end against the western escarpment of 
the Palmer Peninsula, where the comparatively 
warm stream of air came in contact with the ice- 
covered mountains. When the general direction 
of the winds aloft changed to easterly or south- 
erly, bringing clear skies, it was necessary to sieze 
the opportunity for a flight before the velocity 
at the base built up dangerously as the air poured 
down the coastal passes from the plateau. Dor- 
sey, meteorologist of the United States Weather 
Bureau, developed exceptional ability to forecast 
these elusive periods of suitable flying weather, 
and on only two occasions was the plane forced 
to return to base when unpredictable weather 
closed in suddenly. 
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Although the personnel and equipment of East 
Base were selected with its major problem in 
view, namely, the geographical reconnaissance of 
slightly known or unknown regions, men and 
instruments were included to attack the various 
problems of science usually associated with polar 
expeditions. 

The young scientists of East Base carried on a 
comprehensive program during the year at the 
station. Dorsey recorded barometric pressure, 
wind direction and velocity, temperature, hu- 
midity, precipitation, and a variety of visual 
observations of sky phenomena. He took 1,200 
synoptic observations, 370 pilot-balloon runs, 
aerometeorograph records during flights, tide 
data for the summer period, and air samples, and 
completed a series of radiation measurements. 
He planned the program of a meteorological out- 
post which was later placed on the central plateau 
of the peninsula in latitude 68° 08’ S., longitude 
66° 32’ W., at an altitude of 5,500 feet. This 
exposed station was occupied by Lehrke and 
Palmer from October 26 to December 30, 1940, 
and twice-daily reports were sent by radio to the 
base. The outpost was invaluable in helping 


Dorsey forecast flying weather during this period, 
and the reports were incorporated into the daily 
base transmissions to the weather bureaus of 
Argentina, Chile, and Uruguay. 


One hundred and twenty-three geological out- 
croppings were studied in detail by Knowles. 
Palmer Peninsula is probably composed of a cen- 
tral core of massive igneous rock flanked on both 
east and west sides by metamorphics varying 
from slates to gneisses. The igneous rocks com- 
pare in composition with those of the southern 
Andes of South America. Dikes both basic and 
acidic in character are found throughout the en- 
tire region in close association with the igneous 
rocks. Well-defined, low-angle stratified fos- 
siliferous sedimentary rock occurs in massive 
outcrops along the eastern and southern margins 
of Alexander the First Island. The general 
topography of the region of East Base is that of a 
mountainous glaciated land in the stage of early 
maturity of glacial erosion. It appears that the 
ice reached its maximum growth and expansion 
sometime in the past and is now diminishing. 

Bryant, of the Bureau of Biological Survey, 
and Eklund, of the Department of the Interior, 
carried on a comprehensive program in botanical 
and zoological investigations. Dyer, of the 
General Land Office, Department of the Interior, 
Ronne and Hilton, of the Division of Territories 
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of the same Department, engaged in survey work 
both aerial and surface, and made a series of 
magnetic observations. Lamplugh, Perce, and 
Odom, of the radio staff, stood receiving watches 
on transmissions from Washington to deter- 
mine over a long period of time the frequencies 
best suited for various types and times of 
radio communication. In addition to their 
routine scientific work, most of these men en- 
gaged in long journeys of discovery, during which 
each co-operated with the others in collection of 
specimens and data in fields other than their own. 

With the return of sufficient light for short 
journeys away from the base, the energies of all 
hands were directed to the problem of finding and 
proving initial routes for the sledging parties. 
During the winter planning period, Southern 
Lights, the official account of the British Graham 
Land Expedition, by John Rymill, had been 
studied by all at East Base. It represented the 
work of a small but eminently successful party 
which had been based in 1936-37 just to the 
north of the position of East Base, and its work 
had reversed the previous opinion advanced by 
Wilkins and supported by Ellsworth that the 
Palmer Peninsula was cut off from the mainland 
of the Antarctic Continent and divided into 
island groups by ice-filled but sea-level straits, 
with Stefansson Strait the most southerly of 
these. Rymill’s (Stephenson’s) sledge trip to the 
72nd parallel of latitude in the newly discovered 
George the Sixth Sound had found no low pass 
coming through from the east. 

It remained for East Base to extend George the 
Sixth Sound in its observed westerly trend and 
determine whether it ended in high lands, or con- 
tinued to a junction with the sea. In the latter 
case its southern shore would become the conti- 
nental mainland coast, and it would be the 
problem of the base to demark this coast to a 
connection with the Pacific coastline discovered 
by Admiral Byrd flying from the Bear on Feb- 
ruary 27, 1940, in longitude 90° W. Related to 
this work would be the survey of the south and 
west coasts of the large land mass which would 
become, in this hypothesis, Alexander the First 
Island. The second major objective would be 
the extension of the Weddell Sea coast beyond 
the elusive Cape Eielson, the southern limit of 
exploration on this coast. 

Rymill had crossed the peninsula in latitude 
69° 50’ S., but had been forced to return to base 
before descending to the Weddell Sea, princi- 
pally because he was dependent upon the sea ice 
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in Marguerite Bay to get back home. He had 
stated that it would be impracticable if not im- 
possible to cross the peninsula north of his 
crossing. 

With these facts in mind, it was necessary for 
East Base to devise a plan and develop routes 
which would be independent of the sea ice (a 
highway which would normally disappear in 
early January), and allow the sledging parties a 
longer operating season. The aerial view of the 
plateau on May 21 had given reason for hope 
that the peninsula could be ascended and crossed 
in latitude 68° and that routes to the south might 
be found on top if a descent on the Weddell side 
proved impossible. It was also considered that 
the party or parties operating to the southwest 
would come home by a low-altitude route inland 
on the peninsula. 

On July 21-22 Black, Ronne, Healy, and Car- 
roll made a sledge trip up the Northeast Glacier 
to an elevation of 2,200 feet and could see a 
possible route for sledges up to about 4,500 feet. 
On August 2-3 the same party prospected the 
head of Neny Fjord for possible routes of ascent 
to the Neny Glacier, but one was not found.' 

An attack in force on the Northeast Glacier 
started on August 6, when Black, Ronne, Healy, 
Dyer, and Knowles, comprising the main party, 
and Eklund, Hilton, Carroll, Musselman, and 
Darlington, the supporting party, started from 
the base with 55 dogs in 7 teams. Three 9-dog 
teams were to continue with the main unit after 
the loads had been lifted to the plateau by a 
strong combined party. Severe climbing condi- 
tions were met, but on the evening of August 9 
the party camped on the plateau at an elevation 
of 5,500 feet. The spot was named ‘Mile High 
Camp”’ and later became the meteorological out- 
post previously mentioned. A violent easterly 
hurricane struck the region that night and con- 
tinued until the night of August 11. One tent 
was carried away, making it impossible for the 
units to divide, and the party reached base on the 
evening of August 13. The wind at the base had 
reached full hurricane force (76 m.p.h.) for 
periods of a full minute with gust velocities 
probably reaching at least 85 m.p.h. Technical 


1In October Dyer, Knowles, and Eklund were able to 
get up into Neny Glacier from the sea ice, using a precarious 
side-hill route found by Ronne and Carroll during a Sep- 
tember flight, but by that time the Northeast Glacier route 
had been proven and some supplies had been advanced over 


it to the top. This Neny route was later of great impor- 
tance to the safe return of Ronne and Eklund from the 
south. 


failure of trail radio on this journey caused con- 
cern at the base, and on August 9 a flight was 
made over the plateau to search for the party, 
with negative results. Travel during the sledge 
journey was limited by short daylight to periods 
from about 9 A. M. to 3 P. M. 

As daylight increased, it became urgently nec- 
essary to make a series of short scouting flights 
to study further the immediate vicinity and de- 
velop a workable plan for the major exploration 
program. Rymill’s flight of August 15 to the 
north end of Alexander the First Island had led to 
a belief that flights of moderate length could be 
made in late August. Most essential was a tri- 
angular flight across the peninsula, thence down 
the Weddell Coast a hundred miles or more, and 
thence’ northeasterly back to base along the 
trough which had been found on May 21. To 
show graphically some of the uncertainties of 
this period, the rough log of the base leader is 
quoted. 


September 3, 1940.—I think I will have a rubber 
stamp made before coming to this area on another 
expedition, reading, ‘Overcast—snowing—wind. 
No flying today.”’ It is becoming increasingly exas- 
perating to wait day after day for a few hours which 
will definitely solve the plateau sledge-route question. 
If we don’t get the flight in within the next few days I 
am afraid we will have to start the party out blind 
to lay depots part way down the central plateau of 
the Peninsula. We feel quite certain the mountains 
are ‘‘drowned”’ enough to allow a party to get out 
to the south, but a flight and pictures might save 
days or weeks of back-tracking around impassable 
crevassed areas, etc. By all the laws of chance, 
there should be a good day soon, after twenty-five 
or twenty-six days unfit for flying. 


On September 5 the aviation crew at the high 
field reported by radio that a 45-mile-per-hour 
tail wind had whipped the ailerons out of their 
battens and that both ailerons and a portion of 
the center section of the top wing had been dam- 
aged. Repair was effected by September 12, but 
there was a constant threat that a good day 
would come while the plane was out of com- 
mission. 

On September 9 Knowles, Hilton, and Darling- 
ton, of the Weddell Coast Party, assisted by 
Healy and Musselman, started the first of two 
scouting and cache-laying journeys across the 
peninsula. The party came back to base from 
the second trip on October 15, after placing 2,300 
pounds of dog and man food near a glacier de- 
scent they had prospected on the Weddell side. 
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A flight over the plateau was made on Septem- 
ber 16, partly to try to sight the sledge party 
whose radio signal was apparently being ab- 
sorbed by the mountains, and to fly if possible on 
the triangular trip. After climbing to 9,000 feet 
over the base and flying eastward a short dis- 
tance, it was observed that drift was obscuring 
the plateau surface and that the plane was in a 
strong westerly wind which had come up sud- 
denly after a promising balloon sounding had in- 
dicated that the winds aloft would be moderate. 
The plane turned for home and was immediately 
caught in a down draft which carried it almost to 
the plateau surface, and it was with some diffi- 
culty that it was made to climb again and return 
to base. 

On September 21 Black, Snow, Perce, Carroll, 
Ronne, and Dyer made a flight across the penin- 
sula and down the Weddell side to about latitude 
69°, when a report from base indicated that the 
westerly wind had increased to 50 miles per hour, 
at 9,000 feet and that clouds were beginning to 
form at the plateau level. This meant another 
run for home against increasing head-winds and a 
difficult search among clouds to get down from 
the mountains. Descent was made through a 


pass east of Horseshoe Island, but it was decided 
after landing at the base that no more flights 
over the plateau would be attempted when any 


westerly wind was blowing. Photographs of all 
of Mobiloil Bay and much of the hinterland as 
far south as Mount Wakefield were taken on this 
flight. 

Black, Snow, Perce, Carroll, and Ronne flew on 
September 28 to the Wordie Cache area, thence 
easterly on a course which passed just north of 
the Wakefield Mountains, intersecting the Wed- 
dell Coast in latitude 69° 20’, thence photo- 
graphing the coast to latitude 68°, and returning 
to base over the peninsula in that latitude. The 
Weddell Coast Depot Party was seen toiling up 
the Northeast Glacier as the plane dropped down 
toward the camp. The aerial mapping photo- 
graphs taken on this flight, tied to the accurate 
ground control survey made by Hilton, of the 
Weddell Coast Party, have solved the numerous 
pleasant controversies arising from the difficulty 
in identifying features seen first by Wilkins and 
later by Ellsworth. The only previous ground 
survey of a portion of this region was by Rymill 
in 1936, and the findings of East Base check 
admirably with his work. With a complete 
ground survey of the entire controversial region 
in hand, it remains for an international geo- 
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graphical conference to assign to the proper 
features of the coast the names originally given 
by Wilkins. It is not the purpose of this paper 
to enter the controversy, since the surveys of 
Base are not yet ready for publication. 

After the above flight, a period of unsuitable 
weather prevented the execution of a plan to fly 
caches to the vicinity of Charcot Island and to 
the limit of Rymill’s exploration in George the 
Sixth Sound. With these caches in place, and 
after a preliminary flight around the northern 
portion of Alexander the First Island to determine 
that sledging would be possible from the Charcot 
Cache to the one in the sound, it was intended to 
fly Ronne and Eklund and 15 dogs to the Charcot 
Cache. Eight 2-dog crates had been constructed 
of reinforced plywood in shapes that would allow 
their stowage in the cabin of the plane. Each 
dog would be in a reclining position with no room 
to extend his legs and force the crate. Tests had 
been made to prove that the dogs would lie 
quietly for periods of several hours, even when 
disturbed by noise and movement. 

Flying was not possible until the fourth of No- 
vember, and then there was not sufficient time to 
effect the preliminary caching flights necessary 
to the safety of the party, and the whole program 
of sledging operations had to be revised. 

On November 4 Black, Snow, Perce, Carroll, 
and Ronne flew from the sea ice between the 
base and Neny Island and laid a course for the 
north tip of Alexander the First Island. It was 
found on this first leg that a sledging party might 
cross Marguerite Bay and ascend the piedmont of 
Alexander Island at several points near Cape 
Nicholas. Uncertainty of moving around the 
north end to the strait east of Charcot Island 
without a cache in the field, and the fact that a 
wide system of open-water leads existed from 
the south end of Adelaide Island to the north 
end of Alexander, combined to prevent a sledg- 
ing attack in this direction. 

In continuation of the flight, the mountains 
of the north end of Alexander Island were 
photographed, and a strait 6 to 10 miles 
wide, with bergs frozen into its sea ice, was 
found between the main mass and the mass 
formerly called Cape Rothschild, making this 
feature become Rothschild Island. Thick and 
low overcast coming in from the northwest 
prevented a view of Charcot Island, and the 
flight turned southerly and then southeasterly, 
mapping the coast of the bay reported by Rymill 
in the west side of Alexander, and observing a 














coast sweep southerly and thence westerly to a 
distant cape south of Charcot. On this cape 
stood about ten rounded mountain features. 
The course then continued southeasterly until 
George the Sixth Sound was entered in latitude 
71° 13’ S., longitude 68° W. Observation and a 
photographic circle at this point indicated that 
the sound trended far to the west, and to the south 
and southeast, beyond the sound depression, high 
land and many rugged peaks could be seen. The 
sound was filled with a low overcast whose creamy 
white contrasted with the rest of the surface and 
helped to identify its westerly sweep. Return 
was made along the high eastern flank of the 
sound, and two large mountain masses were ob- 
served south of the group which was identified 
tentatively as the Eternity Range. The north- 
ernmost of these newly discovered masses, a 
gigantic double mountain, is mentioned later in 
the account of the flight of December 30. 

Under the revised plan of surface operations, 
on November 6 Ronne, Eklund, Dyer, Healy, and 
Musselman, supported by Knowles and Hilton 
who would return from the Wordie Shelf Ice, 
started south over the sea iceon the main southern 
operations. On the twelfth Black, Snow, Perce, 
and Carroll flew a cache of gasoline and man and 
dog food to a point in the sound in latitude 71° 
45’ S., longitude 67° 50’ W. This was called the 
Batterbee Cache because of the proximity of 
the Batterbee Mountains. On November 15 
Knowles and Hilton reached base after assisting 
the southern party, and departed again on the 
eighteenth with Darlington to pick up their cache 
on the plateau and engage in their main journey 
south along the Weddell Coast. Onthe sixteenth, 
after finding that the Wordie Cache had drifted 
over and could not be found by the southern 
party, it was necessary for Black, Snow, Perce, 
Sims, and Sharbonneau to fly a replacement of 
emergency supplies to the party at the Wordie 
Cache location. Photographs of the inland or 
trough route, some of them taken on the twelfth, 
were also given to the party, since the return of 
part of them at least would be after the sea ice 
would be gone. 

On November 22 the southern party under 
Ronne released the supporting party at a point 
about 45 miles due south of the Wordie Cache, 
Ronne and Eklund with 15 dogs steering south 
to descend to the sound at the Batterbee Moun- 
tains. Dyer, Healy, and Musselman, with two 
teams, turning southeasterly to make detailed 
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surveys in the vicinity of the Eternity Range 
before returning to base. 

Low overcast and generally bad weather pre- 
vented any flights until December 20, when 
Black, Snow, Perce, and Carroll took off from the 
sea ice heavily loaded for the main southeastern 
or Weddell Coast flight. The dog party under 
Knowles was well south of Cape Eielson, in lati- 
tude 71° 10’S., longitude 60° 43’ W., and the 
weather looked good for the attempt. While 
flying eastward from a point just south of the 
Wordie Cache and with only 3,700 feet of altitude 
because of the heavy load, the surface of the 
plateau was found to be climbing faster than the 
plane, and it was necessary to reel in the trailing 
antenna and circle for altitude. This happened 
three times as easting was attempted, and it was 
finally necessary to give up the flight when about 
15 miles west of Mount Wakefield. It had been 
impossible to turn and try to get through north 
of the Wakefield group because of a large patch of 
overcast lying on the surface in that lower area. 

Ona midnight radio schedule, December 21-22, 
Ronne and Eklund, who had been sledging west- 
ward in the extension of George the Sixth Sound 
and had been finding increasing evidence that the 
sound was opening to a western sea, sent a dis- 
patch to the base that they had come out upon 
a barrierlike point of the coast and were viewing 
open sea to the north, with no ice to the horizon. 
Their camp at the time of this report was in 
latitude 72° 32’ S., longitude 76° 51.5’ W. They 
had left the sea ice of the sound a few days earlier 
and had been travelling on the higher rim of ice- 
covered land which was now proven to be the 
mainland coast of the continent.. This westward 
opening of the sound to a great ice-free sea could 
mean only that Alexander the First Land would 
henceforth be called Alexander the First Island. 

Four hours after this message of discovery was 
received, the plane started on the main south- 
western or Pacific Coast flight. Snow, the 
pilot, was in command, with Perce and Carroll 
completing the crew. Partly because of a hip 
injury which had given some trouble in the past 
few days, and partly to allow more gasoline to be 
carried in an attempt to close the gap in the 
Pacific coastline, the base leader and _ his 
emergency flight gear and food were not in the 
plane. Heading for the north end of Alexander 
Island, the plane encountered overcast halfway 
across Marguerite Bay and had to circle four 
times to get over it. The tops of the mountains 
on Rothschild Island were standing through the 
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overcast when the plane passed over on a south- 
southwesterly course, and it was not until the 
mountains on the southwestern extension of 
Alexander Island were reached that most of the 
overcast was left behind. The western mouth of 
the sound was crossed and the mainland coast 
intersected just tothe east (30 miles) of Ronneand 
Eklund, who did not see nor hear the plane, and a 
westward course along the coast was followed for 
an hour and a half, when a turn was made and a 
course was laid for the Batterbee Cache. Over- 
cast was again encountered on the return, cover- 
ing the area of the cache and all of the moun- 
tainous region west of it. It was necessary to 
land in the sound in about latitude 71° and pour 
gasoline into the tanks from cans carried in the 
cabin. The plane landed at the base at 6:30 
p.M. The coast had been seen to trend gen- 
erally westward from the turning point in approx- 
imate latitude 72° 55’S., longitude 78° 50’ W., and 
was of low ice-covered land with occasional 
tongues of shelf ice, with a gradual slope south- 
ward to a rolling escarpment punctuated by 
mountain masses with their northern faces of 
black rock. In a bay in longitude 78° was a 


rock island surrounded by large leads and patches 
of open water, with the leads joining the open 
sea outside the bay. 


On December 28 Black, Snow, Perce, and 
Carroll took off from the high field, the sea ice 
having become dangerous since the last flight, 
and flew south along George the Sixth Sound, 
planning to go south or west from the Batterbee 
Cache, depending upon the weather indications 
at that point. Overcast was observed to the 
south, and the flight turned west to photograph 
both sides of the sound extension to longitude 
77° 12’ W. Ronne heard and logged the plane 
on both outward and returning legs, and features 
observed on December 22 were tied in to the 
ground control. Control for the earlier flight 
had been largely lost because of the heavy over- 
cast covering much of the track. 

The last exploratory flight was made on Decem- 
ber 30. Black, Snow, Perce, Carroll, and Dyer as 
navigator engaged in this operation. Because of 
heavy load, soft surface, and the 5 per cent up- 
grade into the prevailing wind on the high field it 
was necessary to make the take-off downhill. 
There was a 10-mile-per-hour tail wind, and the 
plane did not take the air until the grade steep- 
ened, for the final drop to the sea ice. It was 
known from the experience of December 20 that 
the peninsula could not be crossed with a heavy 
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load, and the flight went south through George 
the Sixth Sound until a pass through the east 
was found in latitude 70°45’S. Pursuing a 
southeasterly course, the plane climbed fast 
enough to keep the rising surface at a comfortable 
distance of several hundred feet. Soon the 
Eternity Range was sighted to the northeast, and 
as the crest of the 7,000-foot plateau was reached, 
the large double mountain feature first seen on 
November 4 was picked up just off the port bow. 
The southern mountain of this mass, lying in 
latitude 71°31’S., longitude 63° 34’ W., was 
later found from the calculation of Dyer’s surface 
survey to be 13,700 feet in height. 

An area of overcast was avoided by turning 
south, and a great range was gradually sighted, 
trending roughly north to south and forming a 
barrier to the Weddell Coast. After half an 
hour of southerly travel, a depression was found 
cutting eastward through the range, and this was 
followed to an intersection with the Weddell Sea 
coastline in latitude 72° 32’ S., longitude 60° W.., 
or about 130 miles south of Cape Eielson, the 
previous limit of discovery on this coast. 
Knowles, Hilton, and Darlington had sledged 
almost to latitude 72°, but on the day of this 
flight had reached a point 30 miles north of Cape 
Eielson on their way to the base, where they 
arrived on January 17. 

The plane flew south along this new coast to 
latitude 74° 42’ S., longitude 61° W. The track 
was over a narrow piedmont of low snow-covered 
land, with crevassed, rounded escarpments drop- 
ping to a shore lead of open water at its eastern 
edge, and rocky escarpments rising to high moun- 
tains on the west. Ina few places, especially in 
front of deep fjordlike depressions between 
ranges, the ice beneath looked like shelf ice. 
Radiating from the shore lead at intervals of 
several miles were narrower open leads running 
easterly to the horizon, indicating a south to 
north current along the coast. At the turning 
point a photographic circle was made. The 
developed film failed to show clearly the chain 
of high mountains continuing on to the south, or 
the dark water-sky over leads to the southeast, 
but these features were observed by all in the 
plane. The mountains seemed to be thinning 
out slightly and were possibly somewhat lower 
farther to the south. It was estimated that 
from the 8,400 foot altitude of the plane, the 
mountain chain if not the actual coast could be 
seen to about latitude 77°. 

The return flight was by way of the Weddell 














Coast to the area just south of Cape Keeler, 
thence northwesterly through the major valley 
depression into the “traffic circle’? and through 
the 140° or Neny Trough to the base. A pin in 
the main drive shaft of the aerial camera sheared 
just as the circle was completed at the southern 
limit of the flight, but Carroll was able to cover 
the coast between the plane’s point of entry and 
Cape Eielson with a Graflex camera. 

The cape which East Base identified as Eielson 
lies in latitude 70° 30’ S., longitude 61° 30’ W., 
and is not nearly the impressive geographical 
feature shown on charts of the region. Stefans- 
son Inlet almost disappears as a coastal feature, 
but a great valley depression goes inland north 
of Cape Eielson. The cape is in reality the 
coastal abutment of the Eternity Range, and the 
Stefansson feature is a moat in front of its north- 
ern ramparts. Dyer crossed the head of this 
depression just northwest of his camp in latitude 
70° 40’S., longitude 64° 20’ W., and found its 
floor near that position to have an elevation of 
5,900 feet. 

At the conclusion of the flight of December 30, 
East Base had discovered a total of over 1,500 
nautical miles of new coastline, much of it tied 
to ground control developed by the two major 
surface parties. 

Ronne and Eklund had trouble with pools of 
melt-water while sledging eastward through the 
sound. These pools froze into a broken-glass- 
like surface after sunset and cut the dogs’ paws 
leaving a trail of blood behind. There was 
nothing to do but end the sufferings of the less 
hardy ones. They reached Batterbee Cache 
with seven out of the fifteen dogs in harness, 
because the last part of the distance had been 
traversed in the higher altitude of Alexander 
Island where a soft snowy surface was easy on 
the dogs’ feet. They could not stop until the 
cache was reached, where food for a resting 
period would be available, and they could not 
carry a large number of disabled dogs on the 
sledges. To further complicate the situation, 
radio contact with them was lost on January 7 
because of a faulty hand-generator. 

Bad weather would not allow a flight to this 
party until January 19, and on that day, during 
the taxi out to the take-off area, the port ski of 
the plane broke through a softened crevasse 
bridge and the propellor cut two feet from the 


2 Cf. R. A. J. English. Preliminary account of the 
United States Antarctic Expedition, 1939-1941. Geog. 
Rev. 31 (3): 466-478, 1 map, 1941. 
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end of the ski. The plane came to rest with 
much of the weight on the trailing edge of the 
port lower wing. It was thought that the plane 
was damaged beyond repair, and Black, Knowles, 
Hilton, and Healy started with 33 dogs by way of 
the Neny Trough to try to contact the returning 
party. It was planned that Black and Healy 
could remain in the field two months and that 
the other two would return from the Wordie 
Cache. Broadcasts on the regular schedules were 
sent out so that the party in the sound would be 
apprised of activities in case their receiving ap- 
paratus was working, as it later proved to be. 
After two false starts, featured by the loss of two 
tents in a gale and the wrecking of a sledge in 
the Neny Glacier, the party met Ronne and 
Eklund in the Neny Trough on the twenty- 
seventh of January 21 miles from base. They 
had jettisoned all but essential equipment and 
food and had made a record journey over an 
inland route never before traveled. This was at 
the end of a sledge journey of 1,264 miles cover- 
ing a period of 84 days. 

The North Star and the Bear arrived in the 
vicinity of Marguerite Bay the middle of Feb- 
ruary, 1941, after relieving the West Base in 
January. The pack ice outside was heavy, and 
no penetration could be made south of Adelaide 
Island, where Rymill’s Penola entered in 1937. 
The ships went north to save fuel by lying at 
anchor in Andersen Harbor, and the Bear made 
a weekly cruise to observe conditions at the en- 
trance to the Bay. When the pack seemed to 
thicken and advance more to the north along 
Adelaide Island’s west coast, and when early 
March failed to bring enough of the violent 
easterlies needed to break up the ice and clear 
the bay, it began to appear that an emergency 
evacuation of the personnel by air might be the 
only solution.? The period of thaw pools and 
rotted sea ice had passed, and colder nights had 
frozen 6 inches of new ice over the pools and 
leads, so that it was less likely that heavy winds 
would move the ice. Winter snow had begun to 
accumulate again on the base island, which had 
become almost clear through melting during the 
summer. 

On March 20 the North Star proceeded toward 
Punta Arenas, Chile, under orders from Washing- 
ton, to take on food for a year and a full load of 
fuel, and to drop off most of the men of West 
Base, so that she would be able upon returning 


’ The damaged plane had been repaired and test-flown 
in February. 
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south to take advantage more safely of any easing 
of the ice situation to make a dash in and relieve 
the base. The next day the Bear was able to 
get to an anchorage near Mikkelsen Island, of the 
Biscoe Group, outside most of the pack and just 
north of the Antarctic Circle. She was able to 
see from her crow’s-nest that there was a possible 
landing field for the East Base ‘‘Condor”’ on the 
snowfield topping the island, and in radiophone 
conferences it was decided that the personnel 
would be evacuated in two flights if cold and 
clear weather developed in the morning, as the 
forecast indicated. Clear weather would be es- 
sential for flying, and it was expected that the 
thawed crust of a new 11-inch accumulation of 
snow would harden under a dropping tempera- 
ture and make more secure the crevasse bridges 
weakened by the recent summer weather. 

At 5:30 on the morning of March 22, with 
Snow and Perce at the controls and with 12 men‘ 
crowded into the cabin on top of their records 


‘First flight: Darlington, Dolleman, Dyer, Healy, Hill, 
Hilton, Odom, Morency, Palmer, Pullen, Sharbonneau, 
Steal (Snow and Perce, pilots). Last flight: Black, 
Bryant, Carroll, Collier, Dorsey, Eklund, Knowles 
Lamplugh, Lehrke, Musselman, Ronne, Sims, Snow, and 
Perce. 


B. BLACK 


and emergency equipment, the ‘“‘Condor’’ took 
off after a long and bumpy run, and without 
circling for altitude laid a course for Mikkelsen 
Island, about 120 miles away. An hour later 
the Bear announced that an officer and several 
men had reached the field and were ready with 
smoke-pots to give wind direction to the pilots. 
Other men were busy anchoring two lines to 
assist in lowering equipment and personnel down 
the 400-foot sheer rock and snow face of the 
island to the boat from the ship. At 7:15 the 
men at the base heard over the radio the joyful 
tooting of the siren of the Bear as the plane came 
in to a safe landing. 

The pilots returned to the base, and at about 
11:30 tried to take off with the remaining 12 
men and their gear. The surface had softened 
enough to make a take-off impossible with the 
heavy load, and it was necessary to order 
lightening of the plane by throwing out several 
hundred pounds of clothing, food, and miscel- 
laneous emergency equipment. At 12:15 P. M. 


a second attempt was made, and the plane took 
the air after a run of 1 minute and 10 seconds. 
All were aboard ship by twilight, and the Bear 
sailed out through 40 miles of heavy pack to 
the open sea. 


























OnE of the major problems confronting the 
operations at East Base was to explore the re- 
gions southwest and south of Alexander Island 
and to determine the delineation of the coastline 
in the Pacific Quadrant. A plan was formulated 
to fly personnel, dogs, and equipment to the 
vicinity of Charcot Island. Such a flight would 
eliminate sledging over the dangerous sea ice in 
Marguerite Bay. From such an advantageous 
point, we could begin our journey into the un- 
known. However, weather and surface condi- 
tions prevented the plane from taking off, and 
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it was decided not to wait any longer for condi- 
tions to improve; therefore, on November 6, 
1940, the Southern Party took its departure. It 
consisted of Eklund, Musselman, Dyer, Healy, 
and Ronne. Knowles and Hilton, acting as a 
supporting party, were to accompany us for 
seven days, by which time we hoped to have 
passed the worst of the crevassed area and to 
have climbed the elevation of Wordie Shelf Ice 
Cache. Fifty-five dogs were divided into five 
teams with a load of 2,618 pounds of dog food, 
900 pounds of man food, and 290 pounds of 
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Photo by Carroll 


Fic. 1. The Main Southern Sledge Party. From left: Finn Ronne, Leader; Carl Eklund, Ornithologist; Lytten 
Musselman, Radio Operator; Paul Knowles, Geologist; Joseph Healy, Dog Driver; Donald Hilton, Assistant Sur- 


veyor and Dog Driver; Glenn Dyer, Surveyor. 
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kerosene. Equipment, such as tents, sleeping 
bags, radio, cookers, personal bags, alpine equip- 
ment, etc., amounted to 1,050 pounds. The 
total load was 4,850 pounds. 

Low clouds were hanging overhead, visibility 
was poor, and the surface consisted of heavy wet 
snow. We stopped at Red Rock Ridge where 
Eklund obtained a number of penguin specimens 
from the Adélie Penguin rookery there. They 
were cached for Hilton and Knowles to pick up 
on their return to East Base. There must have 
been 2,000 penguins standing there in pairs, and 
the hour that we watched them was most in- 
teresting. 

Our course was for Cape Berteaux. A num- 
ber of open leads were crossed before we passed 
Windy Valley, and for the three days we travelled 
on bay ice the dogs were fed fresh seal meat. 
It took us a couple of hours of scouting around 
in order to locate a sloping surface for entering 
the shelf ice. Knowles finally located an ideal 
place close to the cape, and in three hours, the 
whole party was camped 400 feet below the 
mountain. It had started snowing with zero 
visibility. 

The following four days took us through the 
most dangerous crevassed area that, | believe, 
can ever be encountered in Antarctica. Huge 
open crevasses, over which we crossed on narrow 
snow-bridges, were most common; but the hidden 
crevasses were also numerous and they caused 
us great concern. We came through this region 
without any mishaps, although four dogs were 
once hanging in their lines 10 feet down, but 
were easily pulled to safety from the hidden 
crevasse into which they had fallen. On No- 
vember 12, the sixth day out, the plane passed 
ovér us, returning to East Base, from a cache- 
laying flight to King George VI Sound. The 
weather was excellent; perfectly clear and smooth 
terrain ahead of us. It was therefore decided to 
send Knowles and Hilton back to the base. As 
our first supporting party they had finished an 
excellent job. The fact that they could follow 
our fresh track through the crevassed area would 
add to their safety. 

Upon arriving at the locality of Wordie Shelf 
Ice Cache, it was found that supplies deposited 
there May 21, 1940, previously well marked with 
a 12-foot bamboo pole and an orange colored flag 
were now completely drifted over. Even with 
bearings to certain mountain peaks surrounding 
this area, our many hours of searching proved 
futile. Since leaving base, our trail radio set had 


worked well and schedules were at seven o'clock 
every morning. On November 13, on the radio 
schedule with base, they were told of the heavy 
snowfall which covered the cache, and our sug- 
gestion of a plane placing new cache in this area, 
before the Southern Party headed south, was 
favorably received. This was to be an emer- 
gency cache both for the plane and the trail party 
if they should have to walk back to base and find 
that the sea ice was open, and the mountain 
passes too difficult to traverse. Should that be 
the case, there would be sufficient supplies for 
a sizeable party to remain there until the sea ice 
froze over again when they could then reach the 
base. Should this happen, a second wintering 
would be necessary for a score of men. How- 
ever, our plan had ample safety factor, so in all 
likelihood, this cache would never be used. In 
the communication with the base via radio, we 
also requested the plane to bring along another 
cooker, since it was the intention to have the 
supporting party make a trip towards the Eter- 
nity Mountains, before heading back to base. 

The sky was overcast and the cold winds were 
intensive until November 16. Late that evening 
it started to clear. The base told us over the 
radio that the plane would be ready to take off 
at midnight. Ninety minutes later it landed 
close to our camp. The temperature was then 
3 degrees below zero. Cache items were soon 
unloaded. We had a short chat, and after a 
perfect takeoff, the plane disappeared in a north- 
easterly direction. The five of us now turned in 
for some sleep. At 10:00 A.M., on November 17, 
all our sleds were reloaded. Before departing 
we built a 12-foot beacon with a 20-foot bamboo 
pole and flag, making it easily visible for miles 
around. 

From November 17 until November 21, we 
were slowly travelling southward in deep heavy 
snow with visibility almost zero. Distances 
covered were only from 4 to 8 miles per day. 
The plateau rises slowly and our highest eleva- 
tion was 7,300 feet. It was difficult, with such 
limited visibility, to find landmarks previously 
seen on our return to base from a flight around 
Alexander Island, November 4. Skiing ahead 
with the Brunton Compass proved to be the 
best way of determining our direction. In pea- 
soup fog we made our camps. On November 21, 
we had a clear sky with good visibility, and from 
the aerial pictures we were able to locate our- 
selves at the top of a long and slow glacier which 
was free from crevasses. With a clear and seem- 
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Fic. 2. View south from Blizzard Camp on Palmer Land 
Plateau, elevation 7,100 feet. Main Southern Party 
descended glacier at left to an elevation of 4,800 feet, 
sledging south. 


ingly smooth route ahead of us, we were satisfied 
to release Musselman, Healy, and Dyer. The 
latter person was designated as leader of the 
party returning to East Base. They were given 
supplies for 21 days man food, 18 days dog food, 
and a sufficient amount of kerosene. Supplies 
had also been placed in caches, south of Wordie 
Cache, for their return to base. Five dogs were 
shot at this plateau camp, as planned. 

On November 21, at 9:00 p.m., sledges were 
reloaded and, with the aid of the supporting 
party, we descended the glacier to 5,100 feet. 
The weather was most perfect, and we had a 
beautiful panoramic view ahead of us. With the 
aid of the supporting party, we were able to 
start off afresh with 15 dogs and supplies to stay 
in the field for 74 days. Good-byes were said, 
then with our two teams, we moved quickly 
down the glacier to the valley running north and 
south, and the three figures standing waving got 
smaller until they finally disappeared. Eklund 
and the author were now left to carry out alone 
the program of exploring south and west of 
Alexander Land, and to determine the conti- 
nental coast line. 

In the days up to December 3, the tempera- 
ture stayed from 25° down to 8° F., and sledging 
was good on the hard surface in the long valley 
‘with high mountains on both sides. By obtain- 
ing fixes we were able to determine definitely the 
location of the various mountains, which had 
appeared in pictures taken over this area during 
the flight of November 12. Terrain which from 
the air at an elevation of 9,000 feet appeared 
smooth and level changed its aspect when ap- 


proached from the surface. A mere shadow 
from an airplane may mean ascending or de- 
scending 1,000 feet on the ground. Our inten- 
tion was to stay at our present elevation of 5,000 
feet and travel straight south, past the Seward 
Mountains, then to go westward. A full delinea- 
tion of the coastline from the point where 
Rymill’s Southern Party left off could thereby 
be obtained. However, as directed from the 
base, via radio, we changed our course and 
headed for a cache laid down by airplane at the 
Batterbee Mountains. This misunderstanding 
caused us some delay, and we both felt disheart- 
ened and discouraged to descend to King George 
Vl Sound. Through mountain passes, and over 
dangerous crevasse-filled glaciers, our best 
efforts were exerted. Our loads were heavy as 
we carried all the needed supplies in order to 
stay in the field for the full length of time that 
was required, and considered safe this late in the 
season. Under no circumstances would we stay 
out longer than to February 1, 1941, so the 
Batterbee Cache was of no value to us, except 
in case of an emergency. A 12-inch snowfall 
during the night caused the sleds and dogs to 
sink in. The distances covered were short, all of 
which added to the difficulties encountered in this 
area. While nearing the sound on a-long and 
smooth glacier, we could see large piles of rocks 
covering the lower part and even some scattered 
rocks for miles out on the sound ice. 

On the morning of December 3, we readily 
located the general area of Batterbee Cache, and 
with field glasses spotted the large bamboo pole 
with the orange colored marker. The fixed posi- 
tion of this cache was 71°45’ S. latitude, 67°50’ 
W. longitude. Photographic circles with bear- 
ings to the most prominent peaks on the east and 
west side of the sound were completed by the 
afternoon of Decémber 4. After reloading our 


Photo by the author 
Fic. 3. Looking eastward from a camp on the Palmer 


Land Plateau south of Wordie Shelf Ice. 
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sledges, and discarding all unnecessary gear, we 
now headed for the table-shaped stratified moun- 
tain on the eastern (south) end of Alexander 
Island. We were now in an entirely new area. 
No surface party had ever sledged that far south 
in the whole of West Antarctica. Nineteen 
miles from Batterbee Cache, we were greatly 
surprised to approach pressure ice which ex- 
tended beyond the horizon in a southeasterly 
direction. The width of this pressure was a 
quarter of a mile, and beyond it, extended an 
escarpment with an elevation of 1,000 to 1,500 
feet. Snow Petrels were flying overhead, and 
by the water’s salty taste, which we sampled in 
the open pressure ice, it is safe to say that the 
sea extends this far into the sound. The pres- 
sure here was badly broken and it took us some 
time to find a passage through. On a steep side 
bank, the lead sledge skidded and tipped over 
into the open water underneath. Camp was 
pitched shortly afterward to dry our gear. Then 
again we were climbing gradually, sledging on 
smooth surface. At the table mountain for 
which we were headed, was a fresh-water lake 
some hundreds of yards in width, extending for 
miles in a southeasterly direction. We skirted 
the shore near the mountain, and found an easy 
passage for hauling the sledges through the piles 
of rocks that covered the slope next to the moun- 
tain. Fixes and photographic circles with bear- 
ings to new mountain peaks raising up on hori- 
zon, were taken whenever the weather permitted, 
and we consider that a complete outline of this 
new area was well determined. Our highest 
elevation on this escarpment was 1,610 feet. We 
sledged on different courses until, on December 
7, we headed due south in order to locate the 
extension of the southern shore line of Alexander 
Island. In twosteps, one mile apart, we dropped 
down to the sound ice level of 150 feet, and 
crossed over to King George VI Sound’s southern 
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Fic. 4. High mountain in the Batterbee group, 


elevation 5,500 feet. 
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Fic. 5. Batterbee Mountains looking southeasterly 
from Batterbee Cache. 
shore. The continental coast line stretched in 


an east-west direction, and its exact location and 
bearings were determined. The elevation of the 
land south of us can be estimated to be approxi- 
mately 2,000 feet, and its bank to the sound was 
very heavily crevassed. About due south of 
where we crossed the sound, and at least fifty 
miles away, could be seen a huge mountain whose 
height we estimated to be 12,000 to 15,000 feet. 
Its western side was partly covered with snow. 
Bearings to this mountain were obtained. 

Sledging was good on the hard snow, along the 
continental coastline westward. The surface at 
some places was of a rolling nature and undoubt- 
edly open water was in many crevasses which we 
crossed. Snow Petrels were also numerous here. 
In the sound we sighted a rock nunatak of ap- 
proximately 1,000 feet in height, on top of which 
we built a stone beacon. Here we deposited one 
of the claim sheets issued by the State Depart- 
ment. It was very strange that Lincoln Ells- 
worth, when flying only twenty miles west, did 
not see this nunatak; however, at the time of his 
flight there were dense clouds in this area, par- 
ticularly to the east of his flight track. Sur- 
rounding this nunatak were crevassed areas 
badly broken up. It took us two days to locate 
a passage through to the west. 

On December 17, we reached an area where 
the surface was wavy, and finally came to a lower 
level with leads of open water. Seal and pen- 
guin tracks were numerous, but otherwise there 
was no sign of life besides Skua Gulls and petrels. 
No bottom could be found with our 170-foot 
line. These findings, as well as the saltiness of 
the water samples collected, told us that we now 
were on sea ice which on this side of Alexander 
Island was connected with the open ocean. 
Fixes, with location and trends of the continental 
coastline, were taken every day. 

Ice pressures which looked impossible to pene- 
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Fic. 6. Stratified (sedimentary) rocks. Table Moun- 
tain from Batterbee Cache looking in southwesterly 
direction. 


trate stopped us on December 21, as we were 
headed for a cape. They extended in a straight 
line as far as could be seen in a westerly direc- 
tion. The high barrier was only 2 miles off, and 
from a small bay we located a slope where sledg- 
ing was rather easy up to the higher elevation. 
We went 1,000 feet up this slope and reached the 
cape. A strange and unexpected sight opened 
up for us. In an arc from 300° true clockwise 
to 110° true, was a sea entirely free from ice. 
A few large icebergs broke the blueness of the 
water. With our field glasses scanning the hori- 
zon, we hoped to be able to see mountains or 
islands in the direction of Alexander Island, 
hitherto known as Alexander I Land. Now, for 
the first time did we consider by our findings 
that Alexander Land was not connected with the 
mainland. A _ pack-ice belt approximately 3 
miles wide was in front of the nearest barrier to 
the cape on which we were standing. Visibility 
was excellent with not a single cloud, and with 
this weather report, our findings were, via our 
trail radio, sent to the base. 

Two days were spent here in obtaining a fix 
and surveying different capes and bays which 
surrounded us. As this would be our farthest 
westing, a 12-foot beacon was built, with a claim 
sheet and a report of our findings. The lateness 
in the season and our distance from base pre- 
vented us from continuing our westward explora- 
tion, although in returning we headed due west 
for a time along a high ice cliff to determine its 
extent. The land west of us was of high eleva- 
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tion, and to the south could be seen three moun- 
tain peaks, at times surrounded by clouds. 
Since the supporting party had turned back, 
our trail radio set had been working very irregu- 
larly, and many times the base was unable to 
hear us. The radio operators at base told us 
time and again they could hear when we did have 
contact; but something was wrong with the gen- 
erator because of the scraping signals that we 
were sending out. The connections and brushes 
were checked a number of times, but to no avail. 
Radio schedules with base were kept every day 
since we left on November 6. The contact was 
made mostly twice a day, occasionally four times 
a day, in order to give weather reports. This 
was needed for the safety of the plane and its 
crew for undertaking long flights from base. 
Our sledge track was following back to a two- 
peaked icy nunatak, located only 20 miles from 
where the sound and the sea ice meet. Here our 
course turned northward in order to locate and 
survey the southern shores of Alexander Island. 
By this time the surface was getting bad. In 
daytime it was made soft and slushy by the 
intense heat from the sun. The dogs had tough 
going in this icy mess and the ice crystals formed, 
cutting their feet badly. Night travel was not 
much better, for the surface then was just like 
broken glass. Within four days we had to shoot 


six dogs since their paws were cut open and bled 


freely. There was nothing we could do for them. 
Two of the best and heaviest dogs we hauled on 
the sledges for days, hoping to be able to save 
them, but as the pulling power went down, we 
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Fic. 7. Southern Party’s 
towards mountains at southeasterly 
Alexander I Island. From our camp at 
Cache, in King George VI Sound. 


was headed 
corner of 
Batterbee 


sledge route 
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had to dispose of them. It was a pity to have to 
go to such measures, but there was no other way 
out, since weights, distances, etc., were so closely 
figured. We could not permit ourselves to make 
frequent stops for dogs’ feet to heal. Our best 
procedure and the thing we were striving for was 
to reach the Batterbee Cache with whatever 
dogs were left, and there to make use of the 
supplies deposited for such an emergency. In 
our great struggle to keep the teams moving, we 
unfortunately lost contact with the base, so that 
further explanation of our condition was not 
conveyed to them before we reached the Batter- 
bee Cache. By that time only seven of our dogs 
were left. While passing the stratified moun- 
tains and the last southeastern nunatak on 
Alexander Island, we were able to collect rocks 
containing fossils and some lichens; eggs from a 
Snow Petrel rookery were also collected. The 
ice pressure which we had to pass through to get 
down to the sound ice from the high escarpment 
had changed considerably in the short time we 
had been away. The original route had dis- 
appeared completely, so that a new search had 
to be undertaken which delayed us somewhat. 
At the Batterbee Cache, a message was sent in 
to the base telling about the conditions of the 
dogs’ feet and of our intention to stay there for 
at least two weeks to repair them. We stayed 
there for ten days, and the dogs improved rap- 
idly. Our last radio contact with the base was 
January 7, 1941, after which our generator or 
transmitter failed to function. Our receiver con- 
tinued to work properly and by listening on 
regular and emergency schedules, we were able 
to hear bulletins regarding plans for a flight to 
Batterbee Cache to pick up our party, including 
the dogs and much of our equipment. 

On January 16, just before midnight we loaded 
essential equipment and food for men and dogs, 
abandoned all unnecessary gear and extra sup- 
plies, and started to travel rapidly toward the 
Wordie Cache, using Stephenson’s route north- 
ward along King George VI Sound. Special can- 
vas boots were made to help the dogs on the icy 
crust then covering the surface. A great variety 
of surfaces were encountered, such as icy crust, 
lakes with fresh water one foot deep, soft wet 
snow, and finally the worst of them all, namely, 
the ice crystals, which would form during the 
night. In four days of travelling on the sound, 
we covered a total of 101 miles. At our last 
camp on the sound we heard over the radio that 
the airplane had fallen in a crevasse, with a ski 
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Fic. 8. Mountain in southeast end of Alexander I 
Island, lat. 72° 14’ S., long. 69° W. Southern Party 
sledged westward in King George VI Sound to open- 
ing of Ronne Bay. 


cut off and the propeller bent. Although the 
original plan of reaching base had depended on 
our own resources, this camp on the sound would 
be the last opportunity for the plane to pick us 
up. It caused us uneasiness to listen to broad- 
casts from the base where great concern was felt 
for our safety, and to their plans being made for 
our “rescue.”” Here we were sitting in the tent, 
listening to one emergency after the other, but 
with no way of telling the worried base personnel 
that we were absolutely safe. In my humble 
opinion too much weight should not be placed 
on the radio for trail use, since men going into 
the field always depend upon themselves to reach 
their destination safely. It is recognized that 
men picked for this kind of work should know 
what they are doing. 

About 20 miles south of the Rymill Party’s 
route, we sighted a long and smooth glacier. We 
had only a few crevasses to cross in order to 
reach the high elevation leading to the Wordie 
Shelf Ice Cache. The surface here immediately 
became better, and the dogs’ feet improved. 
They were nearly perfect when we finally reached 
the cache. The same difficulty was encountered 
at Wordie; crevasses started all over again, as 
our earlier track had vanished. The heat from 
the sun had opened new crevasses, and snow 
bridges which we had previously crossed over 
had now collapsed. Without too much labor, 
we were safe on the lower side, and headed for 
Sickle Mountain. From there, we contemplated 
taking the new inland route back to base. At 
every prominent spot, we built snow beacons 
with a note enclosed to the party coming out to 
meet us. We had with us pictures taken from 
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the plane showing the route we intended to 
follow, and at no time were we in doubt as to 
passes, etc. A badly crevassed area extended 
downhill in front of Sickle Mountain, and it 
would have been very difficult for a party to 
travel in the opposite direction because of the 
numerous hidden crevasses. It took us three 
hours to cover a distance of only one mile. 
Coming uphill, it was easier to find passages and 
bridges to cross over. Our course here was 
almost due north. The surface had improved 
considerably with soft snow on top of the hard 
crusty ice. Below this glacier were a number 
of large fresh-water lakes, around which we had 
to sledge. An astronomical fix was obtained at 
the Sickle Mountain, with the bearings to the 
mountain peaks shown on the aerial pictures. 
Our sledging route ran straight across the penin- 
sula, and from the high elevation, we could see 
far out over the Weddell Sea. The Nunatak 
(Hub Nunatak) was located eight miles down the 
depression in an easterly direction. The surface 
here was very soft and progress was slow since 
the dogs were sinking down to their stomachs. 
A fair sized beacon was built at the eastern end 
of this Nunatak. Enclosed was a note to a pos- 


sible “‘rescue’’ party coming to us, indicating that 
we had passed them in this wide valley. 


How- 
ever, we kept a good lookout at all times, for we 
might have been rapidly approaching each other, 
judging from the information heard over the 
base radio. 

From the Nunatak, to where the trough leads 
to Neny Fjord, the terrain was level, and with 
the aid of aerial pictures, taken up the trough, 
we could easily pick our route. For six miles we 
were climbing up this glacier and then made our 
camp. Clouds were starting to form, and soon 
visibility was reduced to zero. Next morning on 
January 27, a strong wind was blowing, causing 
surface drift. This day we hoped was to be the 
last one of our journey. The crest of the trough 
was finally reached after 11 miles of travel,and 
with breaks in the clouds we could recognize the 
mountains in the entire area. 

The elevation on top of Neny Valley (i.e. at 
the pass or “height of land’’) was 3,180 feet and 
one mile down the slope towards the Fjord, we 
met the “rescue” party. We estimated them to 
be approximately 22 miles from the base. We 
were travelling in the center of the valley with 
a good panoramic view, and we could see them 
half a mile to the east coming over the crest. 
Joy was expressed on both sides. We were glad 
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Fic. 9. Finn Ronne, Leader and Navigator, and Carl 
Eklund, Ornithologist, of Main Southern Party, at 
return to base after 84 days’ sledge journey. 


to see new faces, and get news from camp, ship’s 
position, etc., all of great interest to us. After 
having deposited all their man and dog food in 
a well marked cache, we headed for the base. 
We had a speedy trip down the glacier to the 
sea-ice, and arrived at base, at 2:30 A.M., Janu- 
ary 28, 1941, in better condition than when we 
left on November 6, 1940. The greatest change 
noticed at the base was the nakedness of snow. 
When we left the base, the snow was up to the 
top of the buildings; now rocks, bare and free 
from snow, were visible. 

The long journey with its dangers and hard- 
ships was over. It felt fine to be back at the 
base enjoying comfortable quarters and a change 
in diet from the monotonous trail food. 

To my own satisfaction, | believe that on my 
two expeditions to Antarctica I have covered 
more miles on skis than any other man who has 
visited the continent. 


GENERAL INFORMATION 


During the period of our sledge journey a total 
of 34 astronomical fixes were established with 12 
principal control stations. At these stations, 
complete photographic circles were taken at 30° 
change in azimuths, thereby identifying features 
that were shown on aerial photos taken over 
some of the regions during later flights. Resec- 
tion stations were established wherever and 
whenever conditions would permit. From these 
control stations and intersection stations the 
positions of 320 major mountain peaks and nuna- 
taks were determined. All the features also give 
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it. Noone could ever hope to find a better trail 
partner. His scientific findings in the newly dis- 
covered area undoubtedly will prove of great 
value to the scientific world. 


MEMORANDUM 


Long. 67°-03' W. 


lave or 7 ( / 
November 21, 1940 ‘Lat. 70°-16.1'S. 


From: Mr. Finn Ronne 


To: Mr. J. Glenn Dyer, Surveyor, East Base, 
U.S.A.S. 


SuByEctT: Return of Supporting Party to East Base. 


1. You are hereby designated as leader of Sup- 
porting Party which has fulfilled its mission and is 
now ready to return to East Base. Lytton Mussel- 
man, radio operator, and Joe Healy, dog driver, will 
return with you. 


RONNE 


2. Before starting back to East Base you will 
sledge eastward in the direction of the Eternity 
Range for the purpose of surveying, etc. You are 
supplied with sufficient amount of man food, dog 
food and kerosene to last you for not more than 
twenty-one (21) days. Eleven dog team will haul 
supplies for three men. You have been made famil- 
iar with supplies placed in caches from here to 
Wordie Shelf Ice Cache from which you will take 
only what was previously agreed upon. 

3. You have been provided with pictures and 
instructions from R. B. Black, Leader, East Base, 
U.S.A.S., as to the route to be used from Wordie 
Shelf Ice Cache to East Base. 

4. Best of luck to all of you. 


FINN RONNE 
Chief of Staff 
Charge of Trail Operations 













GEOGRAPHICAL EXPLORATION FROM LITTLE AMERICA III, THE WESTIBASE 
OF THE UNITED STATES ANTARCTIC SERVICE EXPEDITION 1939-1941 


Major PAUL A. SIPLE, U. S. Army 


Geographer and Leader, West Base, U. S. Antarctic Service 


CONTENTS 


Page 

SOT i ood 56 vy b sx deen Soa sec haees een 23 
EXPLORATION BY GROUND PARTIES ........-..00ee00- 24 
The Rockefeller Mountains Seismic Station ...... 26 


The Edsel Ford Mountains Biological Party ...... 26 
The Edsel Ford Mountains Geological Survey Party 27 


The Pacithe Coast: Survey Party... occ ccccteses 30 
The Rockefeller Mountains Geological Party ..... 34 
West BASE FLIGHT OPERATIONS .............-0e00- a 
The Edsel Ford Mountains region ............... 35 
Flights SO SE IE ok oes ow we et awe ee 35 
Flight A, February 9, 1940 ................. 35 
Flight AA, November 13, 1940 .............. 36 
Additional photographic circles in Edsel Ford 
RR IO os 2 5 wis «cca ated odie 36 
Summary of the Edsel Ford Mountains region .. 38 
ee NE I ok 5 o.oo ico cw ae Fea nokwcenes 39 
Exploration by Admiral Byrd ................. 39 
renee Seca Ov ee SN 6 kk bbe Wa i ho fedeadven 39 
itt 2 Epeceet 5. SOR ssc acc kccvexi 40 
Phent F, December 13, 1940 .............scse0% 41 
Flight G, December 14-15, 1940 ............. 41 
Flight H, December 18, 1940 ................ 42 
Summary of the Hobbs Coast region .......... 45 
"SRS eeeee Ome Pe GON 5 cata cbs cae hawees 46 
P POURS CUOCONOON ios ask ce oS ve vee ok ses 46 
Piette fram: West Baeh ceo. ok os ec ca ees 46 
rugne 5 February 1S, 900 ois ss ncn iota 47 
Flight W, December 12-13, 1940 ............ 48 
Flight C, February 29-March 1, 1940 ........ 51 
LOGE TI CUMIN Gas cs 5 Sie nsec 0 8 Os ees 55 
The southeastern gas cache flights ............ 55 
Edward Land survey—Flight EL ............. 56 
SRUUCT TEs iw oc ooo aR aw tees 57 
Di Ce Weenes GROG oa or Fe Suk Ve Rass 58 
SOU ONE ss ecw cds bab Wid nck bad Geese 60 


INTRODUCTION 


GEOGRAPHICAL exploration in 1940 from Little 
America III, West Base of the United States 
Antarctic Service, was carried on by aeriai recon- 
naissance and by sledging parties. During the 
three months’ summer period, five major sledging 
units explored considerable portions of the coastal 
mountain regions east of Little America between 
longitudes 164° W. and 136° W. These parties 
began by following the routes pioneered by the 
Marie Byrd Land Sledging Party in 1934 toward 
the Edsel Ford Ranges, but they added consider- 


(Read November 21, 1941, in the Symposium.) 


ably to the detailed knowledge of the region lying 
beyond the original trail. 

From West Base eastward along the trail, the 
parties established barometric elevations, baselines, 
solar fixes, and major peak intersections to serve 
as ground control for aerial reconnaissance. Two 
of the parties operated on the King Edward VII 
Peninsula, two in the Edsel Ford Ranges of Marie 
Byrd Land, and the fifth penetrated to Mount Hal 
Flood. These sledging operations were supported 
by supply caches laid by tractor and airplane. 

Aerial reconnaissance was carried on by two 
airplanes. Five major flights were made to the 
eastward, mapping the coast and inland features 
to near the 123rd meridian W. Three major 
flights were made westward and southwestward 
across the Ross Shelf Ice from the Barrier front 
to the abrupt southern articulation with the Aus- 
tral Cordillera.1 Many local flights conducted 
within a radius of 100 to 200 miles from the Bay 
of Whales yielded a more comprehensive know!- 
edge of the origin, structure, and movement of the 
shelf ice. 

Approximately 2,600 oblique photographs were 
taken during these survey flights, tying into ground 
control by means of aerial plane-table circles and 
affording continuous photographic records to the 
right and left of the plane track over most of the 
flight legs. The photographs provide an unbroken 
coverage from within sight of Mount Erebus, 
about longitude 167° E., eastward along the coast 
to a new and equally prominent landmark esti- 
mated to lie near latitude 73°15’ S. and longitude 
123°30' W. This is a total of over 70 degrees of 
longitude or a great circle distance of 1,215 statute 
miles. The area was observed or photographed 
for an average of more than 200 statute miles in- 
land from the coast. A total area of not less than 
220,000 square miles was thus covered. 

The eastern area of Marie Byrd Land is repre- 
sented by 1,200 aerial photographs, 500 of which 
are of the Edsel Ford Mountains region, lying be- 


1 The author suggests this term as an appropriate title 
for the entire Antarctic horst. 
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tween latitudes 76° and 78° S. and between longi- 
tudes 142° and 150° W. The western, or Ross 
Shelf Ice area, is represented by about 720 pic- 
tures and the Austral Cordillera region by 154 
pictures. The remaining photographs are of the 
Edward Peninsula region. From. these pictures 
it will be possible to map in detail an area of Ant- 
arctica approximately equal in size to the State of 
California. However, owing to curtailment in 
the program of the United States Antarctic Serv- 
ice until after the war, the only regions which have 
thus far received careful attention are the Edsel 
Ford and Rockefeller Mountains areas, where the 
principal geological surveys were conducted. 

Although the names of the men who actually 
participated in this exploration will be occasionally 
mentioned, it should be always borne in mind that 
the program could not have been successfully ac- 
complished except through the combined efforts of 
all the members of West Base. Members of the 
radio department and the commissary department, 
meteorological observers, the scientific staff, the 
airplane ground crew, the tractor personnel, the 
machinists, and the carpenter, each contributed es- 
sential aid to the program without which neither 
the individual exploratory units nor the program 
as a whole could have succeeded. 


Gratitude is also expressed to the co-operating 
Government agencies and the private institutions 


Fic. 1. 


which made available the equipment necessary for 
the achievement of this exploration. And a word, 
too, must be said for the 70 stout-hearted sledge 
cogs who gave much of their life energy, and in 
some instances their lives, as their contribution to 
the successful accomplishment of our work. 


EXPLORATION BY GROUND PARTIES 


With the exception of the Rockefeller Moun- 
tains Geological Party, all of the sledging parties 
departed from West Base within a day or so of 
October 15, 1940, proceeding along the eastern 
trail to 105-Mile Depot, which had been estab- 
lished by a tractor party in September. Here all 
members of the trail units, together with the army 
tank and tractor which supported them, assisted in 
transporting the Seismic Station equipment to 
Mount Franklin, located in the Rockefeller Moun- 
tains about 11 miles from the depot. 

The trail parties, accompanied by the small In- 
ternational tractor, then proceeded eastward to 
Mount Grace McKinley. At this point the three 
sledging parties continued eastward, and the trac- 
tor returned to West Base for a load of aviation 
gasoline, which it brought back to Mount Grace 
McKinley. On termination of the latter trip, the 
tractor with its crew members, Felix Ferranto and 
Clyde Griffith, remained for several weeks at the 
Grace McKinley Cache, serving as a meteorologi- 


pO oe oa 


Otheral U. S. Antarctic Service photo, by the author. 


(B-34)* Mount Franklin and Mount Nilsen in the Rockefeller Mountains, King Edward VII Peninsula. 


The Seismic Station, established on the former in November 1940, may be seen near the end of the right- 


hand spur of the mountain. 


* Symbols in parentheses indicate photographic circles on map 1. 





GEOGRAPHICAL EXPLORATION FROM LITTLE AMERICA III 


5 


Official U. S. Antarctic Service photo, by Shirley. 
Fic. 2. (AA-133) The southwestern end of the Haines Mountains. Characteristic ice flow patterns (indicated 


by small glaciers flowing out between peaks) join the main stream of John Hays Hammond Glacier. Plane 
altitude 7,000 feet. 


ej 


Official U.S. Antarctic Service photo, by the author. 


Fic. 3. (H-99) The blocklike Raymond Fosdick Mountains seen from the end of Ruppert Cape, looking south- 
east. Crevasses in the foreground indicate shore line of the cape and the flow of piedmont ice into Paul 
Block Bay. Mount Marujupu is a residual ridge between two small glaciers. Main peaks of the Southern 
Edsel Ford Ranges are in the distant background. Plane altitude 7,000 feet. 
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cal observatory outpost and otherwise assisting 
the planes during eastern flight operations. 


THE ROCKEFELLER MOUNTAINS 
SEISMIC STATION 


The Seismic Station Camp was established in 
the central Rockefeller Mountains on a small, 
igneous nunatak, later named Mount Franklin 
(fig. 1). Roy G. Fitzsimmons, physicist, was 
leader in charge of the camp, assisted by Isaac 
Schlossbach and Raymond Butler. A seismograph 
was set up on November 17 and remained in con- 
tinuous operation for 41 days. 

During the sojourn of the Seismic Station party 
on Mount Franklin, the members visited all the 


Fic. 4. 
4,000 feet above Mount Marujupu. 


peaks within convenient skiing range. Plane- 
table intersections of all peaks of the Rockefeller 
Mountains were made, and Butler established 
ground-camera stations at several points. Fitz- 
simmons, aside from his seismic observations, 
made a valuable collection of gulls, Snow Petrels, 
and Antarctic Petrels and gathered many eggs. 
The station was evacuated by returning trail 
parties on December 27, the members joining with 
the sledging units at 105-Mile Depot for the 
journey back to West Base. 
THE EDSEL FORD MOUNTAINS 


BIOLOGICAL PARTY 


The Biological Party, consisting of Jack E. 
Perkins, leader and biologist, Harrison H. Rich- 


Official U. S. Antarctic Service photo, by Shirley. 


(A-214) Looking eastward along the crest of the Raymond Fosdick Mountains from a point about 
Mount Perkins is volcanic, as are many neighboring small peaks. 
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ardson,? meteorological observer, Louis P. Co- 
lombo, observer, and E. E. Lockhart, radio opera- 
tor, continued in company with the Edsel Ford 
Mountains Geological Survey Party until they 
reached the northwestern end of the Haines Moun- 
tains (fig. 2), about 30 miles northeast of Mount 
Grace McKinley. 

After descending into John Hays Hammond In- 
let, the party headed north for the Low Hills lying 
due west of Mount Saunders. From there it 
crossed the mouth of Crevassed Valley Glacier, 
visiting the southwestern corner of Mount Iphi- 
gene and neighboring peaks (fig. 3). The next 
stop was at Mount Marujupu, which provided 
the richest locality for biological reconnaissance. 
Here, on the dioritic rocks, they found abundant 
plant life and a rookery of Snow Petrels. 

Skirting the southwestern corner of the Ray- 
mond Fosdick block, the party ascended the iso- 
lated plateau on its crest (figs. 4,5). From this 
high elevation, surrounded by steep rock expo- 
sures on all sides, they traveled for nearly 15 
miles, visiting a region which had been at one time 
seriously disrupted by volcanism. This fact had 


been first disclosed by the 1934 Marie Byrd Land 
Sledging Party, which touched on the southern 


2 Richardson joined the Biological Party at 105-Mile 
Depot, transferring from the Pacific Coast Survey Party. 


Fic. 5. 
Glacier. 
altitude 7,000 feet. 


side of the Fosdick block. From this point the 
party started its return journey to West Base, ar- 
riving on Christmas Day. It brought with it a 
considerable quantity of biological and geological 
specimens, photographs, a well-written journal de- 
scribing the country through which it had traveled, 
and a thorough record of meteorological condi- 
tions encountered. 


THE EDSEL FORD MOUNTAINS GEOLOGICAL 
SURVEY PARTY 


After the Geological Party separated from the 
Biological Party, it crossed directly to the Mount 
Rea Cache (figs. 6, 7), which had been laid by 
airplane early in November. 

Since the Biological Party was operating north 
of the region explored by the Marie Byrd Land 
Sledging Party of 1934, Byrd Antarctic Expedi- 
tion II (map 1), the Geological Party had as its 
objective the detailed geological reconnaissance of 


‘the mass of nunataks lying south and east of that 


area. 

Lawrence Warner, leader of the party, and 
Charles Passel, radio operator, were the geologists. 
The former gave his particular attention to igneous 
rock problems, while the latter concentrated upon 
the problems of the sediments in the region. De- 
tails of their findings are explained in their sepa- 


Official U. S. Antarctic Service photo, by the author. 


(F-143) The Raymond Fosdick Mountains, looking westward from the south side of Bernt Balchen 
Mount Perkins and neighboring small peaks are the remnants of extinct volcanic flows. 


Plane 
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Fic. 6. 


Fic. 7. 


rate reports; therefore no attempt at elaboration 
of these subjects will be made in this paper. 
Briefly, the region is a highly eroded and glaciated 
area exhibiting coarse-grained remnants of a 
batholitic intrusion of leucogranite, granodiorite, 
and associated rock types. Occasional remnants 
and contacts of a highly metamorphosed sedimen- 
tary covering, now almost entirely removed, ap- 
pear black in contrast to the red, gray, and brown 
igneous rocks. Warner and Passel were assisted 


(B) Mount Rea Gas Cache, looking south 


(BX) Looking north from Mount Rea Gas Cache to Mount Saunders. 
Mount Saunders is about 3,300 feet above sea-level. 
The Beechcraft plane has landed at the cache for refuelling. 


Official U. S. Antarcti@®{Service photo by’ the author. 


Note the finger-like contacts on Peak 21. 


Official U. S. Antarctic Service” photo, by the author. 
Note alpine type of glaciation. 


The gas cache is at an elevation of only 300 feet. 
Camp is that of Geological Survey Party. 


by H. P. Gilmour and Loran Wells, the former 
serving as recorder for the party and collector of 
biological specimens, and the latter serving as 
photographer and observer. 

Before visiting the Claude Swanson Mountains 
(fig. 8), the largest of the sedimentary groups, the 
party laid out a baseline and shot intersections on 
the major peaks to test the accuracy of an aerial 


map made of the region during the preceeding 
Winter Night at West Base. 
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Official U. S. Antarctic Service photo, by the author. 


Fic. 8. (B-12) Part of the Southern Edsel Ford Ranges. Peak 25 is the northern extremity of the Swanson 
Mountains. The metamorphic sediments of these mountains are black. Note contact on Peak 89 of the 
Mount Cooper group (a pink leuco-granite range). Many dry (as well as active) glacial cirques exist on 
the eastern side of Mount Cooper and Mount Rea. 


From the Claude Swanson Mountains, the party 
visited most of the exposures lying south of 
Crevassed Valley Glacier (fig. 9) and surround- 
ing the head of the Warpasgiljo Glacier (figs. 10, 
11). Inall, the party contacted 57 of the mapped 
peaks, made groundwork for a detailed geological 
map of the area, and brought back large quantities 
of geological and biological specimens. 

On December 14, its field work completed, the 
party returned to Mount Rea Cache, being joined 
on the following day by the Pacific Coast Survey 
Party. The two parties proceeded in company to 
Mount Grace McKinley, where they convoyed the 
tractor back to 105-Mile Depot across an area be- 
coming increasingly dangerous because of the 
opening of seasonal crevasses. Traveling from 
105-Mile Depot as part of a caravan consisting of 
the Pacific Coast Survey Party, the Rockefeller 
Mountains Geological Party, and members of the 
Rockefeller Mountains Seismic Station, the Edsel 
Ford Mountains Geological Survey Party arrived 
at West Base on January 7, 1941. 


THE PACIFIC COAST SURVEY PARTY 


The Pacific Coast Survey Party, with Leonard 
Berlin, leader, assisted by Dick Moulton and Jack 
Bursey, dog-drivers, and the strongest dog teams 
of West Base, streamlined their unit for speed. 
It proceeded from 105-Mile Depot to Mount Grace 


McKinley in company with the Biological and 
Geological Parties. Leaving Mount Grace Mc- 
Kinley, the party was able to establish a lead, ar- 
riving at Mount Rea Cache a day ahead of the 
Edsel Ford Mountains Geological Survey Party. 
Keeping a course almost due east, passing along 
the northern side of the Warpasgiljo Glacier, and 
following its northeastern head between Mounts 
325 and 310 (fig. 10), the party soon had climbed 
above and beyond the Edsel Ford nunataks, the 
highest of which has an approximate elevation of 
4,000 feet. 

The party continued climbing on its northeast 
course toward Mount Hal Flood. Unfortunately, 
the barometer carried by the leader ceased to give 
accurate readings above 5,000 feet, but it is cer- 
tain from airplane estimates that they ascended to 
an elevation close to 6,000 feet. 

On December 1 the party reached its last out- 
ward camp, about 14 miles southwest of Mount 
Hal Flood. Here the men chained a 2,400-foot 
baseline, but were forced to wait several days for 
good weather in order to establish the exact loca- 
tion of the mountain. The location of its highest 
peak was determined as latitude 76°03’51.6” S., 
longitude 135°49’54.6” W. It rises 5,427 feet 
above the camp, which itself was estimated (baro- 
metrically) to be at least 5,000 feet above sea- 
level (figs. 12, 13, 14, 15). 
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Official U.S. Antarctic Service photo, by Shirley. 


(A-89) Looking south-southwest toward the central nunataks of the Southern Edsel Ford Ranges. 
Plane altitude 7,000 feet. 


Fic, 9. 
Crevasses in foreground are evidence of the activity of Crevassed Valley Glacier. 


Official U. S. Antarctic Service photo, by the author. 


(E-179) Looking westward across the Southern Edsel Ford Ranges from the Rockefeller Plateau of 
Note contact between sedimentary and 


Fic. 10. 
Marie Byrd Land directly east of Mount Farley (foreground), 
igneous rock in right foreground. Plane altitude 7,000 feet. 





PAUL A. SIPLE 


Fic. 11. 


Official U. S. Antarctic Service photo, by the author. 


(G-147) Looking west-northwestward across the” Allegheny Mountains in the Southern Edsel Ford 


Ranges. The Allegheny Mountains are as high as Mount Saunders and Mount Rea but are nearly inundated 


by the snow of the£Rockefeller Plateau. 
Tolley. 


Plane altitude 7,000 feet. 


Tolly in the photograph should be 


NNW 


Fic. 12. 


Official U. S. Antarctic Service photo, by the author. 


(E-3) The main western peak of the Hal Flood Mountains from about 14 statute miles to southeast. 


The highest peak, as determined by the Pacific Coast Survey Party, is 5,427 feet above the plateau surface. 


Behind the mountain the plateau descends sharply to the coast 60 miles distant. 


Mount Hal Flood rises, therefore, to a total 
elevation in excess of 10,000 feet, and it is an im- 
portant landmark in the background of pictures 
taken on the four major eastern flights made in 
this region. 

The peak showed evidences of igneous origin 


and former volcanism. 
were collected. 
After erecting a cairn and setting a monument 


Specimens of the rock 


Plane altitude 8,500 feet. 


marker in the rock, as had also been done at Mount 
Grace McKinley, the party headed back over its 
outward trail to the cache at Mount Rea, where, 
as previously mentioned, it joined the Geological 
Party for the remainder of the return journey to 
West Base via 105-Mile Depot. 

The sledge meter indicated that the party had 
traveled approximately 1,200 statute miles in mak- 
ing the round trip. 
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Offictal U.S. Antarctic Service photo, by the author. 


Fic. 13. (G-114) Hal Flood Mountains as seen from a distance of about 43 statute miles southeast of the main 
peak at the left. In the foreground is the inland ice plateau rising to an elevation of 6,000 or 7,000 feet 
above sea-level. Plane altitude 8,500 feet. 


Official U. S. Antarctic Service photo, by Shirley. 


Fic. 14. (H-231) A midway view of Cordell Hull Glacier, approximately 20 miles wide, lying between rocky 
head walls along the Hobbs Coast of Marie Byrd Land. An area of at least 3,000 square miles of ice is 
drained through this glacier. Plane altitude 7,000 feet. 
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Fic. 15. 
near latitude 74° 35’ S., longitude 133° W. 
Its shape and location suggest volcanic origin. 


Fic, 16. 
in figure 15. 
feet. 


THE ROCKEFELLER MOUNTAINS 
GEOLOGICAL PARTY 


The Rockefeller Mountains Geological Party, 
with Dr. F. Alton Wade, leader, and Dr. Russell 
G. Frazier, observer, left West Base on November 
15, 1940. After measuring a 14-mile baseline be- 
tween West Base and the Winter Night Auroral 
Camp, the party continued to 105-Mile Cache. 


Official U. S. Antarctic Service photo, by Shirley. 


(H-340) Looking northeast from the homeward-turning point of Flight H along the Hobbs Coast 
The height of Mount Ruth Siple is estimated at 15,000 feet. 
An ice tongue extends out into the sea, and a gulf or em- 
bayment extends inland to beyond the right hand limits of the picture. 


Plane altitude 6,000 feet. 


Official U. S. Antarctic Service photo, by Shirley. 


(H-295) Low coastal mountains of Hobbs Coast rising out of the piedmont shelf ice previously noted 
The highest peak of the Hal Flood Mountains rises above 10,000 feet. 


Plane altitude 7,000 


Here it restocked provisions and proceeded into 
the southern Rockefeller Mountains, making a de- 
tailed study of each rock exposure. This gave 
Dr. Wade an opportunity to continue the study he 
had begun in 1934, proving the region to be a 
counterpart of the Edsel Ford Mountains. In the 
meantime Dr. Frazier collected plant specimens, 
extending the range of certain mosses and lichens 











that had been collected on the previous Byrd ex- 
peditions. 

This party completed its work in time to join 
the returning caravan of eastern parties, all of 
whom reached Little America on January 7, 1941. 


WEST BASE FLIGHT OPERATIONS 


Aerial exploration and survey from West Base 
were conducted by means of two planes: one, a 
twin-motor Condor whose flight log included five 
years of service with the U. S. Marine Corps, and 
the other, a new, single-motor Beechcraft. The 
Beechcraft, originally scheduled to operate in con- 
junction with the Armour Institute of Technol- 
ogy’s “Snow Cruiser,” became available for West 
Base use when the cruiser failed to operate satis- 
factorily. 

Flight personnel was provided by the U. S. 
Navy and the U. S. Marine Corps. Assigned to 
the Condor were James C. McCoy, chief aviation 
machinist’s mate (NAP), U. S. Navy, as pilot; 
Walter R. Giles, technical sergeant (NAP), U. S. 
Marine Corps, co-pilot and radio operator; and 
Orville Gray, aviation machinist’s mate, first class, 
plane captain. Theodore A. Petras, master tech- 
nical sergeant (NAP), U. S. Marine Corps, was 
assigned as pilot of the Beechcraft, and Charles 
C. Shirley, chief photographer, U. S. Navy, was 
assigned to West Base as official photographer. 
Dr. Paul A. Siple, base leader, served as navigator 
on all major flights and was responsible for the 
geographical program and report of observations; 
he was occasionally assisted by Dr. F. Alton Wade, 
senior scientist, and others. 

Whenever possible during photographic sur- 
veys, the plane was kept at a uniform elevation of 
7,000 feet, and every effort was made to maintain 
a straight course. Ground speed generally ave- 
raged about 90 miles per hour. 

Photographs between circles were generally 
taken in pairs, one turning forward and one turn- 
ing aft in rapid succession. The sides of the 
plane were alternated to give as wide a field of 
vision as possible. Photographic plane-table cir- 
cles, of 15 to 20 pictures, were taken at strategic 
points, allowing considerable overlap in the fore- 
ground. 


THE EDSEL FORD MOUNTAINS REGION 
Flights from West Base 


Flight A, February 9, 1940.—On this date, the 
first major flight east into Marie Byrd Land was 
The express purpose of this flight was an 


made. 
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aerial survey of the Edsel Ford Mountains in 
order that a map might be constructed of the area 
during the winter night to serve as a base for a 
detailed geological survey the following summer. 

The flight line passed over the Rockefeller 
Mountains. Low clouds and fog covered most of 
the Sulzberger Embayment, but 100 miles beyond 
the peaks of the central Edsel Ford Mountains ap- 
peared in bright sunshine. However, photography 
was not possible until after passing to the east of 
Mount Donald Woodward. 

The first photographic circle was made in the 
vicinity of latitude 77°06’ S. and longitude 144°45’ 
W. This circle is over the central portion of the 
glacier later named Warpasgiljo (figs. 10, 11, 17). 

The glacier is flanked along both sides for a dis- 
tance of about 25 miles by nunataks of red granite 
with occasional patches of black metamorphic 
sedimentary rock. 

Leg 2 of the flight turned NNE., and a strip of 
photographs was taken looking eastward. After 
a flight of 25 miles, circle 2 was taken over the 
center of Crevassed Valley Glacier (fig. 9). 

The flight continued northward across the Ray- 
mond Fosdick Mountains. When the head and 
northern side of Bernt Balchen Glacier above the 
Phillips Mountains were reached, circle 3 was 
made (figs. 3,5). Here the flight turned north- 
eastward to the coast and continued along it near 
the head of the glacier later named in honor of 
Admiral Land. After a large peak, later chris- 
tened Mount Alma McCoy (fig. 18) was circled, 
heavy clouds moved in fast from the north, forcing 
the plane to begin its homeward journey. Just 
before the plane turned, the massive Mount Hal 
Flood (fig. 12) was seen rising above the clouds 
in the distance. Its identity, however, was not 
made certain until the summer flights. 

On the return flight an important strip of photo- 
graphs was taken northward along Bernt Balchen 
Valley. The seventh photographic circle was 
taken over Mount Marujupu (fig. 4), and the 
eighth and last circle of photographs was taken 
near latitude 76°45’ S., longitude 146°20’ W. 

Throughout the winter night, Leonard Berlin, 
Raymond Butler, and the base leader worked with 
these aerial photographs, establishing the location 
of the major peaks of the region and completing a 
hand-drawn map of the central mountain expos- 
ures lying south of the Raymond Fosdick Moun- 
tains to latitude 77°25’ S. and between longitudes 
143° and 146° W. Details of areas lying outside 
of this zone were still lacking on account of time 
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CLARK MTS. 


Fic. 17. 


or cloud conditions and because some of the ex- 
posures had been photographed at too great a dis- 
tance. It was therefore determined that on all 
later flights to or near this region additional photo- 
graphic circles would be made at advantageous 
points to extend this control. It was also desired 
that the trail parties check the preliminary map for 
accuracy by laying a baseline within the area. As 
previously mentioned, this was carried out by the 
Geological Party. 

Flight AA, November 13, 1940.—Flight AA 
was made into the same region as Flight A. Ex- 
cellent visibility permitted the taking of a strip of 
photographs from the Rockefeller Mountains of 
Edward Peninsula to the Haines Mountains, look- 
ing northward into Sulzberger Embayment. 

A circle was taken just south of the main ex- 
posure of Garland Hershey Ridge. The main line 
of the flight continued and passed over the center 
of the Haines Mountains. Another circle was 


(A-58) Southeastern extension of the Southern Edsel Ford Ranges. 
optical properties of the camera lens when faced directly into the sun. 


Official U. S. Antarctic Service photo, by Shirley. 


The pattern of circles is due to 
Note glare across hard glacial ice. 


made in latitude 77°35’ S. near longitude 145°40’ 
W., in the center of the John Hays Hammond 
Glacier (figs. 2, 19, 20), and a third and last circle 
was made above and just to the east of Mount 
Donald Woodward. 


The purpose of this flight was to lay a gasoline 
and man-food cache just north of Mount Rea 


(figs. 6, 7). The objective accomplished, the 
plane turned back toward West Base from that 
point, flying through the center of the Sulzberger 
Embayment while pictures were taken to the right 
and the left of the course. 

Additional Photographic Circles in Edsel: Ford 
Mountains Region.—In the four eastern flights 
projected across the Edsel Ford Mountains to the 
unknown area lying beyond, a total of 9 new 
photographic circles of importance were made. 

Flight E.—During the course of this flight a 
circle was made at latitude 77° S. near longitude 
143°30' W., just east of Mount Farley (fig. 10), 
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and a valuable strip of photographs was taken of 
the north side of the mountains lying south of 
Warpasgiljo Glacier. 

Flight F.—A circle was made near the southern 
head of Bernt Balchen Glacier (fig. 5) near lati- 
tude 76°25’ S., longitude 143°30’ W., and a semi- 
circle was taken between Mount Passel and the 
Claude Swanson Mountains (fig. 8) near latitude 
76°50’ S. and longitude 145° W. 

Flight G.—Pictures were taken close aboard the 
Clark and Allegheny Mountains (fig. 11), lying in 
latitude 77°15’ S. Another circle was taken on 


this leg near longitude 142°50’ W., and detail pic- 
tures were taken of Mount Clarence McKay and 
neighboring peaks of the southern Haines Moun- 
tains (fig. 2). Two more important circles were 
added, the first near latitude 77°35’ S., longitude 
144°25’ W.; and the second near latitude 77°50’ 
S., longitude 147°10’ W. The last photographs 
of this region were taken during Flight H, a circle 
being made at the end of Ruppert Cape (fig. 3) 
near latitude 76°05’ S., longitude 146°20' W. 
Circles farther to the east tied the region into the 
Hobbs Coast and Mount Hal Flood, while pictures 





Official U. S, Antarctic Service photo, by Shirley. 


Fic. 18. (H-157) The eastern gateway of Emory Land Glacier along Hobbs Coast of Marie Byrd Land. The 
release of tension is seen as the glacier pushes seaward into a broad semipermanent field of littoral ice. 
Mount Alma McCoy rises to 3,500 feet. On the sky line is the 5,000-foot escarpment extending along the 
76th parallel from Ruppert Cape to Mount Hal Flood. Plane altitude 7,000 feet. 
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Fics. 19 and 20. (AA-122, AA-121) 


Official U. S. Antarctic Service photo, by Shirley. 


Looking north and north-northeast over the Southern Edsel Ford Ranges 
of Marie Byrd Land from above John Hays Hammond Glacier. 


The active Ames Glacier opens out north- 


westward between Mount Donald Woodward and Mount Rea. 


to the west tied the region into the Sulzberger 
Embayment and the Edward Peninsula. 

It is probable that no uninhabited region of its 
size has been so thoroughly surveyed as that of the 


Edsel Ford Mountains. A total of about 700 
usable photographs were taken. Some of these 
photographs have recently been used in the con- 
struction of a map of the region which is now 
complete, but there has been no attempt as yet to 


use the vast amount of data which are available 
for a large-scale study of the region. The map 
which has been completed is primarily to serve as 
a base for the detailed geological map. 


Summary of the Edsel Ford Mountains Region 


The Southern Edsel Ford Mountains region 
comprises an area of 21,000 geographical square 
miles (27,809 statute miles), and lies between 
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longitudes 140° W. and 150° W. and between 
latitudes 75°30’ S. and 78° S._ Most of the north- 
ern and western borders of this area are occupied 
by shallow seas, islands, and semipermanent lit- 
toral ice. The only navigable water, however, is 
in the extreme northwestern section of the region, 
where the U. S. S. Bear entered for the first time 
in 1934 and again in 1940. 

The southern and eastern boundaries of the 
region are intimately joined to the high inland 
plateau of the continent, characterized by undulat- 
ing highland ice which lies conformably over moun- 
tain peaks rising 4,000 to 5,000 feet high. Shortly 
beyond the southern and eastern limits of the 
Edsel Ford Mountains region as outlined above, 
the landscape assumes the characteristics of un- 
broken inland ice, with an average altitude rang- 
ing between 5,000 and 7,000 feet. 

In general aspect, the region exhibits nine or 
more large outlet glacier systems, draining ice 
from the inner highlands. Small subsidiary gla- 
ciers of the valley and cirque types feed the larger 
glaciers. There is a main mountain front run- 
ning north and south (figs. 19, 20) and terminat- 
ing in Ruppert Cape (fig. 3), which marks the 
east-west trend of the Pacific Ocean coastline. 

The highest of the western frontal mountains 
aré Mount Iphigene, Mount Saunders, Mount 
Rea, and Mount Cooper. Each of these rises well 
above 3,500 feet. Their glacial sculpture shows 
them to be remnants of existent erosion, and the 
great glacier streams are directed around their 
bases. Headward erosion of the glacial outlet 
valleys and relatively faster glacial movement sea- 
ward accentuate these mountain masses until they 
become the most outstanding features of the land- 
scape. However, closer examination will show 
that the nunataks lying to the east are in many 
cases equally high, although comparatively drowned 
by the higher level of highland glacier ice. (Figs. 
10, 11.) 

As would be expected, the igneous rocks have 
shown in general much greater resistance to glacial 
erosion than the sedimentary rocks. The sedi- 
ments apparently resist erosion best when the dip 
is steepest or when protected by blocks of granite 
from the full force of ice movement over them. 
Contacts between the intrusive rocks and the sedi- 
ments are blocky and irregular. In many in- 
stances the igneous material has fingered into the 
sediments. Such contacts are exposed at each end 
of the Rea-Cooper Range, which is composed es- 
sentially of granite. High on the crest of Mount 


Cooper there are huge blocks of sediment which 
were stoped into the intrusive melt. These phe- 
nomena suggest that glaciation has done little more 
than remove the sedimentary cover, exposing the 
underlying granite. The residual granite has 
forced the glacial streams into new channels, and 
mountain type glaciation has begun to sculpture 
the bared portions of the higher mountains. 

Climatically the region lies in the zone where 
mean temperature does not rise above freezing. 
However, in the vicinity of the mountains, local 
heating is sufficient to melt large quantities of 
snow, forming lakes in the low areas. Skuas and 
Snow Petrels frequent the northern mountains, 
and, wherever quantities of melt water are suf- 
ficient around the rocks, lichens and mosses are 
abundant. It is likely that when the new material 
brought from these mountains is identified or de- 
scribed, the total number of plant species in the 
region will exceed one hundred. 

This region, which was practically unknown 
prior to 1929, is now considered one of the best- 
known regions of Antarctica, surpassed only by 
South Victoria Land and the Palmer Peninsula. 


THE HOBBS COAST REGION 
Exploration by Admiral Byrd 


In January, 1940, Admiral Byrd, operating from 
the U. S. S. Bear in a Barkley-Grow seaplane, 
sighted a coast trending northeastward from Rup- 
pert Cape. To this coast he gave the name Hobbs 
in honor of the geologist and Antarctic historian, 
William H. Hobbs. By January 25, 1940, the 
Bear had reached latitude 75°43’ S., longitude 
143°52’ W., the deepest penetration ever made by 
a ship into this region. Several short reconnais- 
sance flights were made in this region, but adverse 
weather and inadequate photographic equipment 
made it impossible to make a suitable survey. 

One of Admiral Byrd’s flights reached the 
proximity of longitude 135° W. and approached 
the coast. Mount Hal Flood could be seen in the 
distance, but bad visibility gave the impression 
that the coast was swinging sharply northward 
beyond this point. 


Flights from West Base 


During the month of December, 1940, four 
major flights were projected across the Edsel 
Ford Mountains into this unknown region lying 
to the east. 
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Gasoline caches had been laid at 105-Mile De- 
pot, and at Mount Grace McKinley and Mount 
Rea. In the meantime, however, the Condor had 
broken a heavy spring in its tail landing-gear. In 
the lack of suitable replacements, a more or less 
temporary repair job had been effected and it was 
found by test that the plane could not carry an 
overload sufficient to make a flight of over 1,000 
miles. The Beechcraft was then considered for 
service in lieu oi the Condor, and it was found 
that, by utilizing the three caches for three or 
more flights, the small plane could reach approxi- 
mately the same distance as could the Condor in 


Fic. 21. 


The debouched ice forms an expanded lobe pattern. 


one flight. A flight pattern was then laid out to 
cover as much territory as possible between the 
coast and Mount Sidley. 

Flight E, December 9, 1940.—Bad visibility had 
prevented the projection of any major summer 
flights eastward prior to this date. After leaving 
West Base, the Beechcraft was re-gassed at 105- 
Mile Depot and topped off with a full load at 
Mount Rea Cache. From Mount Rea the course 
was set directly for Mount Hal Flood, from which 
the Survey Party had departed only a few days 
before. 

The plane reached Mount Hal Flood two hours 


-™ ind 


Official U. S. Antarctic Service photo, by Shirley. 


(H-236) Debouched ice leaving the mouth of Cordell Hull Glacier. 
northward just to the right of the picture. 
release of tension as the blocks are pushed through shallow water. 
responsible for holding the area together. 
altitude 7,000 feet. 


An extensive ice tongue runs 


It is believed the fracture pattern of this ice is caused by the 


Recementation and drifting are partly 
Plane 
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and fifteen minutes after leaving Mount Rea. 
Photographs were made of the southern side (fig. 
12) as the plane headed eastward for about 100 
miles. Mount Flood was found to be the first in 
a series of high, almost snow-covered blocks, mas- 
sive in shape, without alpine glacial carving simi- 
lar to that in the Southern Edsel Ford Mountains. 
The range forms a great ridge, lying on the 76th 
parallel and broken occasionally by glaciers which 
drop steeply toward the sea over 60 nautical miles 
away. The plane passed northward through one 
of these gaps (fig. 13) at approximately longitude 
133°15’ W., which was the second gap eastward 
from Mount Hal Flood. 

To the north, open water was visible in the 
vicinity of latitude 74°30’ S. (fig. 21). The plane 
was flying above a tremendous glacial basin (fig. 
14) pouring out through a gap in a low coastal 
range of mountains. This great glacier, later 
named in honor of Secretary of State Cordell Hull, 
was found to be 20 miles wide at its narrowest 
constriction. There is a lobate tangle of gnarled 
ice where it debouches into the littoral zone of 
semipermanent sea ice. 

The plane turned back toward Mount Rea, 
skirting the northern side of Mount Hal Flood. 
From observations made on this flight, it was ap- 
parent that the Flood Mountain ridge was almost 
continuous in form all the way to Ruppert Cape. 
At no place did it appear to drop below 5,000 feet 
elevation. 

Flight F, December 13, 1940.—Flight F in the 
Beechcraft followed the pattern of Flight E and 
was projected into the area lying between the Hal 
Flood ridge and the coast. Its purpose was the 
examination of this piedmont area. The plane 
refuelled at Mount Grace McKinley and again at 
the Rea Cache. It then proceeded to a point just 
south of Mount Alma McCoy, pictures back of 


Fic. 22. 
time in 1929. 
Plane altitude 9,500 feet. 


the coastline being taken en route. Two circles 
were taken over the Hull Glacier region, but heavy 
clouds to the eastward obscured the trend of the 
coastline beyond this area. The clouds appeared, 
however, to be lying in an embayment cutting 
southward into the coast beyond the 130th meri- 
dian. 

The flight was of particular interest in that all 
of the field parties were sighted and several land- 
ings were made to contact them. 

Flight G, December 14-15, 1940.—Shirley and 
Petras departed from West Base in the Beech- 
craft on December 14, with the intention of mak- 
ing two or three survey flights to the coast to 
augment the work accomplished by Petras and the 
base leader in Flights E and F. However, in the 
landing at Mount Rea the tail skid was broken. 
Emergency field repairs were made to the plane so 
that it could return to West Base. 

On the following day, after full repairs had 
been made, Petras and the base leader projected a 
flight into the area lying between Mount Hal 
Flood and Mount Sidley for the purpose of tying 
this vicinity together photographically. After 
leaving Mount Rea Cache, the plane flew directly 
east along the 77th parallel until it reached a point 
directly south of Mount Hal Flood. Mount Sid- 
ley came into view, and, after the plane reached a 
point approximately halfway between Mount Hal 
Flood and Mount Sidley, the first of a series 
of three photographic circles was taken (fig. 13). 
The area beneath the plane having progressively 
risen to an elevation of about 7,000 feet, the plane 
was forced to fly at an altitude of 9,500 feet to 
permit a suitable photographic range. 

To the south, four mountain groups appeared in 
the vicinity of Mount Sidley, lying in a linear pat- 
tern running a little north of east, and apparently 
marking the edge of a depression (fig. 22). The 


Official U. S. Antarctic Service photo, by the author. 


(G-15) A distant view of Mount Maybelle Sidley and neighboring mountains, sighted for the first 
This interesting range appears to rise to an elevation of 10,000 or 12,000 feet above sea-level. 
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Fic. 23. (G-57) Looking northwestward toward Mount Josephine Petras, elevation about 12,000 feet. 
smaller peak shown in foreground is probably of volcanic origin. 


the Hal Flood Ridge. Plane altitude 9,500 feet. 
highest of these peaks were estimated as rising to 
an elevation of 12,000 feet. The last outward 
circle was taken near latitude 76°20’ S., longitude 
128°30’ W., beside some high outliers of the Hal 
Flood Ridge (fig. 23). 

The largest of these mountains, Mount Jose- 
phine Petras, was considerably higher than the 
plane elevation and was estimated to be about 12,- 
000 feet above sea-level. The peak closest to 
view showed black, with weathering characteristics 
similar to those of the volcanic peaks of the Ray- 
mond Fosdick group in the Edsel Ford Moun- 
tains. 

To the east the land appeared to descend ; it was 
broken only by a few scattered nunataks. The 
Hal Flood Ridge seemed to end at this point, and 
the surface took on the features of an embayment. 


Official U. S. Antarctic Service photo, by the author. 


The 
These peaks form the eastern limits of 


However, from this position the ice covering still 
appeared characteristic of inland ice, having none 
of the highland characteristics indicative of a 
sharp drop toward the sea. Photographs later re- 
vealed evidences of a huge coastal mountain on 
the horizon to the northeast, but this was not 
actually observed until three days later on Flight 
H. 

Flight G was the deepest penetration to the east 
of any flight, and therefore the return had to be 
made in an almost straight line to Mount Grace 
McKinley. 

Flight H, December 18, 1940—The Condor, 
with its customary crew of four, was on this date 
groomed for a final flight to the east. With 
Shirley once again in charge of the aerial camera, 
the plane skirted the edge of the Barrier to King 
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Edward Land. A continuous strip of pictures 
was taken from Scott’s Nunataks to Ruppert 
Cape, looking south into Sulzberger Embayment. 
The first photographic circle was taken on the 
end of Ruppert Cape to tie in the flight to the 
Edsel Ford Mountains (fig. 3). 

The plane continued northeastward, following 
the coast. Strip photographs were taken seaward 
and landward. Open water to the north could be 
seen across a belt of semilittoral sea ice extending 
northward at least 35 miles. Shortly beyond 
Land Glacier (figs. 18, 25, 26), near latitude 
75°15’ S., longitude 139°30’ W., the second circle 
was taken. Low coastal mountains, ranging to an 
elevation of not more than 1,000 or 2,000 feet, 
extend to within a few miles of the ice-covered 
coast between Land and Hull Glaciers (fig. 27). 
Between these glaciers there was a belt of littoral 
ice at least 35 miles wide; it was composed of re- 
cemented blocks from the glacier, and was prob- 
ably held in place by shoals, moraines, and islands. 


Fic. 24, 
is over 4,000 feet. 


The largest of the islands holding the mass was 
at the very edge of the open water and littoral 
ice. It had been sighted and flown over by Ad- 
miral Byrd and his flight crew in January, 1940, 
and was plainly visible during the progress of 
Flight H. 

The plane continued to a point near latitude 
74°50’ S., longitude 136° W., just beyond Hull 
Glacier (figs. 14, 21, 28, 29), where the third 
photographic circle was taken. Here the charac- 
ter of the country changed remarkably. A smooth 
piedmont or shelf ice extended a short distance 
from the coast, and open water came to the Bar- 
rier edge. This area lies fully 2 degrees farther 
south than the Barrier reported by the Thorshaven 
in 1934. Either the ship’s observations were er- 
roneous or it had sighted an island or a large field 
of floating ice. 

Northeastward, the sea appeared open to the 
horizon except for several floating icebergs. A 
tongue of ice, however, projected considerably to 


Official U. S, Antarctic Service photo, by Shirley. 


(H-3) Looking south over Scott’s Nunataks in King Edward VII Peninsula. Mount La Gorce 
Plane altitude 7,000 feet. 
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Fic. 25. 
141° W. 
right. Plane altitude 7,000 feet. 


the north and just east of Hull Glacier before it 


recurved sharply to the shelf ice mentioned. The 
plane continued flying approximately the same 
course, but veered slightly more to the east and 
kept behind the Barrier edge. . 
At longitude 134° W. a circle was made. Far 
in the distance, across an intervening ice tongue 
and an embayment, could be seen a huge mountain 
apparently situated on the coast (fig. 15). Later, 
intersections indicated that this mountain, named 
Mount Ruth Siple, was at least 150 miles away 
at the time of observation. Its location was de- 
termined as in the vicinity of latitude 73°15’ S 


"> 


Official U. S. Antarctic Service photo, by Shirley. 


(H-152) Mount Ann Shirley, western portal of Emory Land Glacier on Hobbs Coast near longitude 
The beginning of a zone of deficiency as the glacier pushes out into the sea is shown at lower 


longitude 122°30’ W., and its elevation was esti- 
mated as close to 15,000 feet. In appearance it 
was very similar to Mount Erebus, being conical 
in form but with a rounded dome. 

Overhead clouds forced the plane to drop 1,000 
feet in elevation, but the course was continued 
toward this big mountain for another 20 minutes, 
when it became absolutely essential to turn back 
because of lack of fuel. A small rock outcrop ap- 
peared at the edge of the open water in the Barrier 
just ahead of the plane before it turned, and the 
clouds mirrored the open bay extending inland 
(fig. 15). Fairly heavy clouds forming to the 
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southeast made it difficult to determine how rapidly 
the land descended beyond the Flood Mountain 
ridge. 

On the return trip the gyroscopic drift sight, 
which had been used to check ground speed and 
drift on the outward course along the coast, was 
turned to advantage by measuring ground eleva- 
tions while crossing the coast. The most interest- 
ing cross-section was made from the surface of 
Emory Land Glacier (1,300 feet) up over Mount 
Alma McCoy (3,500 feet) to the glacial level above 
it (2,600 feet), thence southeastward up over the 


Fic. 26. 


the littoral zone of semipermanent ice which makes Hobbs Coast unapproachable. 


escarpment of the ridge between Hal Flood Moun- 
tains and Ruppert Cape (5,400 feet) to the head 
of Bernt Balchen Glacier (4,300 feet). The 
plane proceeded on a direct course to 105-Mile 
Depot, where it landed for refueling before con- 
tinuing to West Base. Our flight program in the 
region lying beyond the Edsel Fords was thus 
completed. 


Summary of the Hobbs Coast Region 


The Hobbs Coast region appears to extend in 
a fairly uniform line striking northeast and is, 


Official U. S. Antarctic Service photo, by Shirley. 


(H-153) View, facing north-northwest, of the debouched ice of Emory Land Glacier as it pushes out into 


Plane altitude 7,000 feet. 
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Fic. 27. 


more or less, on a projection of a line from Cape 
Colbeck past Ruppert Cape. The coast is defina- 
ble, although ice-covered, and it is unapproachable 
by ship west of approximately the 135th meridan. 
The coast is characterized by the principal fea- 
tures, Land Glacier and Hull Glacier, and by low 
coastal mountains near the shore. Back of the 
coast the land rises steeply to the Hal Flood Ridge, 
which continues along the 76th parallel to the 
Phillips Mountains and the Ruppert Cape, the 
maximum elevations ranging from 5,000 to 12,000 
feet. 

Beyond the 135th meridan, facing eastward, the 
land to the south appears to indent in the form of 
a large gulf. A few nunataks appear in the pied- 
mont and terminate in shelf ice. One tongue of 
this ice extends as far north as 73°45’ S. in the 
vicinity of longitude 131° W. It appears possi- 
ble that ships, or at least airplanes, could make a 
landing along the coast-east of the 135th meridian, 
and that it would be a valuable area for further 
detailed study. 


THE ROSS SHELF ICE AREA 
Previous Exploration 


Since discovery of the Ross Shelf Ice in 1841, 
several surveys of its front have been made from 
shipboard. Because of the advance and retreat 
of the Barrier edge, none of these have closely 
agreed. The eastern and western sides of the 


(H-179) Low coastal mountains lying between Land and Hull Glaciers along the Hobbs Coast. 
the sky line is the 5,000-foot escarpment along the 76th parallel noted in figure 18. 
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Official U. S. Antarctic Service photo, by Shirley. 


Along 
Plane altitude 7,000 feet. 


Shelf have each been crossed at least ten times by 
various trail parties of the Scott, Shackleton, 
Amundsen, and Byrd Expeditions; they have also 
been flown over by Admiral Byrd and members of 
his various expeditions. However, except for a 
brief penetration by Royd’s trail party in 1903 and 
a short flight by Byrd in 1929, there was no defi- 
nite knowledge either of the vast central area of 
the Shelf or of its articulation with the Austral 
Cordillera to the south between longitudes 173° E. 
and 170° W. 

The area has seldom attracted explorers, for it 
has been generally accepted as a flat, floating sheet 
of ice, probably without islands or mountains of 
any kind to break the monotony of level expanse. 
Nevertheless, to geographers and glaciologists it 
remained a challenge of the unknown, and it ap- 
peared advisable to explore as much as possible of 
the gap between the well-known South Victoria 
Land and the Bay of Whales to the north and 
Queen Maud Mountains to the south. 


Flights from West Base 


Although by Presidential orders West Base was 
to concentrate its flight operations over the area 
lying east of the Bay of Whales, permission was 
granted to fill in unknown gaps lying as far west 
as the 180th meridian if time permitted. There- 
fore, on three occasions when clouds or other 
weather conditions made it impracticable to fly 
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eastward, major flights were made across the 
Shelf Ice. 
Flight B, February 13, 1940.—Dr. Wade and 


the base leader, with Petras as pilot, flew in the © 


Beechcraft toward Discovery Inlet. A bank of 
low clouds obscured the Barrier front area lying 
west of Lindbergh Inlet, so the plane headed 
southwestward to skirt the southern edge. Nu- 
merous changes in course were made until we 
reached a wide zone of crevasses lying in and 
approximately filling the area between latitudes 
79°30’ S. and 80° S., and between longitudes 
175° W. and 176° W. These crevasses, with oc- 


Fic, 28. 


casional haycock formations among them, lay al- 
most parallel (SW.—NE.) to the course. This 
evidence implied a release in tension due either to 
an obstruction to the southeast or to two obstruc- 
tions, one lying to the south and the other to the 
east. From an altitude of about 2,500 feet there 
were no clear indications of any appreciable rise, 
although the plane crew surmised that the surface 
of the Shelf Ice was higher to the south of the 
area than to the north. 

As the plane flew southwest for another hun- 
dred miles, an even larger broken area in the sur- 
face was reached. From a position near latitude 


Official U. S. Antarctic Service photo, by Shirley. 


(H-232) Some of the details of the western portal of Hull Glacier as it passes Mount Carrol Kettering. 


The almost horizontal line, just back of center, is a typical feature marking movement of a glacier past a 


snow-covered shore line. 


Plane altitude 7,000 feet. 
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Fic. 29. 


81°20’ S., longitude 178° E., the gigantic peaks of 
South Victoria Land, more than 150 miles to the 
south and west, were seen as a semicircle. The 
broken country beneath the plane appeared to ex- 
tend from about the 180th meridian, at latitude 
81°30’ S., northwestward beyond the 177th meri- 
dian E. and the 81st parallel. Some of the tension 
crevasses appeared to run east and west. The 
zone was at least 15 to 20 miles wide and rather 
rambling in character, with numerous areas of 
haycocks. There was unmistakable evidence of 
land rising close to or above sea-level, presumed 
by the observers to be a zone of numerous small 
islands. 

The gasoline supply for the outward trip hav- 
ing become exhausted, the plane was headed home- 


(H-228) Mount Carrol Kettering from the western side of Hull Glacier. 
glacial ice as it is released into the ice-choked sea. 
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Official U.S. Antarctic Service photo, by Shirley. 


Note distortion of the 
Plane altitude 7,000 feet. 


ward without further investigation. The zone of 
crevasses on the 175th meridian W., 10 miles 
farther north than on the outward trip, was flown 
over, and it was again observed that the crevasses 
to the south were at a higher e\ vation than those 
to the north. 

The last discovery of note was the appearance 
of a rise in the Shelf Ice between longitudes 166° 
W. and 168° W., and near the 79th parallel. The 
rise seemed to be of about the prominence of 
Roosevelt Island, although much smaller in area. 
It appeared as a gently rising hill against the hori- 
zon, as the plane passed to the north at an altitude 
of not more than 400 to 500 feet above the surface. 

Flight W, December 12-13, 1940.—The Con- 
dor, with its customary crew of four, headed south 
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Official U. S. Antarctic Service photo, by Shirley. 


Fic. 30. (W-67) Part of the disturbed zone of the Ross Shelf Ice lying about 45 nautical miles south of the 
barrier front near longitude 178° E. This zone extends over more than 30 miles, exhibiting shearing and 
evidence of land rising above sea-level. Plane altitude 7,000 feet. 
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Official U. S. Antarctic Service photo, by Shirley. 


Fic. 31. (W-140) One of the numerous tension bays along the face of the Ross Shelf Ice near the 178th meridian. 
The mouth of the bay is approximately 1 nautical mile wide. Plane altitude 7,000 feet. 
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Fic. 32, 


in an effort to map the western side of Roosevelt 
Island and the articulation of the Shelf Ice and 


Marie Byrd Land to the east. Our first attempt 
was thwarted about 50 miles south of the mouth 
of the Bay of Whales, where a glacial saddle al- 
most bisects the island, because of a heavy cloud 
bank lying to the east and west. Vision was 
mostly obscured to the south; so photography was 
practicable only to the north. 

The plane turned and followed a course almost 
due west, flying at an altitude of 7,000 feet, which 
made it difficult to see low rises in the Shelf Ice. 
However, elevations of the surface were taken 
from time to time by means of the gyroscopic drift 


(W-257) Looking eastward from Discovery Inlet along the barrier front of the Ross Shelf Ice. 
barrier cliff has an average elevation of over 100 feet above sea-level. 


Official U. S. Antarctic Service photo, by Shirley. 
The 
Plane altitude 7,000 feet. 


sight. The snow-covered island noted during 
Flight B on February 13 was seen again, though 
indistinctly, owing to the higher elevation of the 
plane. 

No features broke the level surface of the Shelf 
Ice until the vicinity of the 175th meridian had 
been reached. Here, directly north of the zone of 
crevasses sighted on Flight B, but now obscured 
by clouds, was a series of long pressure rolls strik- 
ing northeast-southwest, similar to the strike of 
the crevasses noted in the broken zone. Immedi- 
ately beyond and to the west ran a single “hinge 
line” or straight-line valley, usually associated with 
Shelf Ice over deep water. This line ran east- 
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west, straight and unbroken for 10 or 15 miles 
and within easy photographic range. 

Later, from the coast, other hinge lines to the 
northwest indicated that part of this area at least 
was afloat, although the significance of the pres- 
sure rolls was uncertain. Such rolls or parallel 
ridges generally build in front of an obstruction 
over which ice tries to pass, but here there was no 
evidence of release of pressure with its attendant 
tension crevasses. 

Farther on, shortly after crossing the 180th 
meridan, we observed new fractures on the Shelf 
Ice where a 30-mile-wide zone of shearing be- 
came strikingly apparent. The zone lay near the 
79th parallel and extended on a true bearing of 
97°-277° between longitudes 177° E. and 180°. 
The western end was partly obscured by low 
clouds. Almost 150 miles to the west, Mount 
Erebus,. Mount Terror, and Mount Discovery 
could be seen rising above the clouds. 

The broken area below the plane showed typical 
S-shaped tears in the surface, evidence of shearing 
along the axis of the zone. Relative movement 
was to the west on the north side and to the east 
on the south side. A wide, low, triangular area 
(fig. 30), without features, suggested a drifted- 
over deficiency zone where the ice had pushed 
around some obstruction. The area was lined 
by slopes. However, from the plane’s elevation 
of 7,000 feet, and in the short time available for 
observation, it was impossible to determine with 
certainty the significance and cause of the shear 
zone, although it seems to indicate an important 
region holding the Ross Shelf Ice in position on 
the western side comparable to Roosevelt Island 
on the eastern side. Closer study of the photo- 
graphs will probably yield more information. 

After making an astronomical fix, taking bear- 
ings, and making a photographic circle, we turned 
due north and within 30 minutes reached the 
Barrier front at a point near longitude 178° E., 
where the front attains one of its southermost 
positions in a shallow bight. A narrow tension 
bay appeared to be forming at this point, indicat- 
ing that the movement in this area is one of lateral 
expansion. 

After another photographic circle, the plane 
turned eastward toward the Bay of Whales in 
position for a continuous survey of the Barrier’s 
front facing southward. Numerous small tension 
bays (fig. 31) broke the monotony of the front 
(fig. 32), and several long hinge lines suggested 
that the area immediately east of the turning point 


was afloat over deep water. The hinge lines dis- 
appeared, however, as we approached Discovery 
Inlet, suggesting that at least some of this area 
west of Lindbergh Inlet is grounded, perhaps rest- 
ing on a flat shoal of morainic material over which 
it may gradually move almost without resistance. 

Photographic circles were made at the mouth 
of Discovery Inlet and at the base of the adjacent 
peninsula. Closer study of these may yield a 
better knowledge of this strange ice tongue. 
Small hinge lines on the peninsula hinted that 
parts of it were afloat and parts grounded, al- 
though why it should persist in such an un- 
protected position is a mystery. 

With the termination of Flight W the entire 
front of the Ross Shelf Ice had been completely 
photographed from Edward Peninsula to within 
sight of Ross Island. When the photographs are 
reduced to maps, the resultant survey of the Bar- 
rier should be the most accurate yet made; and, 
when combined with earlier surveys, it should 
yield valuable information concerning the move- 
ment of the Ross Shelf Ice. 

Besides concluding that only part of the Shelf 
Ice is afloat, we observed that little, if any, large- 
scale calving of bergs is taking place along the Bar- 
rier front. In all the flights along the front only 


very few icebergs were sighted, and none of them 


appeared to have been originally a part of the 
Ross Shelf. Further, upon comparison of photo- 
graphs taken in 1929 with photographs taken in 
1940 of seaward-exposed points near the Bay of 
Whales, it was discovered that sharp facets of 
the Barrier face had remained unchanged during 
the 11 years. This proves that the Ross Shelf 
undergoes little erosion at its front and at the 
present time must be considered relatively quiet, 
despite available data proving its northward move- 
ment. 

Flight C, February 29 to March 1, 1940.—The 
longest flight from West Base was taken just be- 
fore the close of the fall flight season. This flight 
headed directly across the Ross Shelf Ice on a 
great circle course for the eastern portal of Beard- 
more Glacier. A heavy cloud cover lay across the 
west central portion of the shelf, but its eastern 
limit did not prevent a view of the edge of the 
crevassed area lying west of the 170th meridian 
W., near latitude 80°45’ S. This had been de- 
scribed by Admiral Byrd in 1929. The parallel 
crevasses ran southwest and northeast, but low 
scattered clouds beneath the plane made it impossi- 
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Fic. 33. 


origin. Plane altitude 9,500 feet. 


Fic. 34. 
the polar plateau 100 miles farther south. 


Official U.S. Antarctic Service photo, by the author. 


(G-39) Mount Bush, Prince Olaf Escarpment, and Queen Maud Mountains of the Austral Cordillera. 
Mount Bush (about 15,000 feet) is capped by Beacon sandstone. 
suggesting a former surface of erosion in front of the escarpment. 


Note the even crest-line of the foothills, 
Foothills are of igneous and metamorphic 


Official U. S. Antarctic Service photo, by Shirley. 


(C-38) The newly discovered Wade Glacier, striking along the 175th meridian W. and extending to 
The sudden termination of the high elevation of Mount Bush 


and the straight-walled Wade Glacier suggest a faulted end of an en echelon block in the great Austral 


Cordillera. Plane altitude 9,500 feet. 
ble to tell where the obstructions lay that were 
responsible for the deformation. 

Near this same area, but five degrees of longi- 
tude farther to the east, the historic 81st-parallel 
crevasses were plainly visible in the bright sun- 
shine—the same crevasses that caused Amundsen, 
Gould, and Blackburn so much trouble in crossing. 
There appeared to be no direct connection between 


(View from the same location as in figure 33.) 


the area of deformation to the east and that to the 
west, although incipient crevasses may extend 
throughout this entire region. 

After we crossed the 82d parallel near longitude 
175° W., the lofty peaks of the Austral Cordillera 
became dimly visible 150 miles to the south. The 
most outstanding landmark was a huge mountain, 
due south, which later proved to be Mount Bush 
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(figs. 33, 34). Situated to the north of most of 
the range, this gigantic peak apparently rises to 
an altitude of about 15,000 feet, for it was never 
out of view during the next four hours of flying. 

Near latitude 82°15’ S., longitude 176° W., an 
area of crevasses, striking approximately east and 
west, was crossed. Directly south of this area 
was a series of pressure rolls (one of them quite 
distinct), also bearing east and west. These fea- 
tures were interpreted as indicating a ridge 15 or 
20 miles wide over which the Shelf Ice was forced 
to pass, thereby yielding tension crevasses on the 
north side. 

Continuing a southwesterly course for another 
hour and fifteen minutes, we reached the eastern 
portal of Beardmore Glacier. After the plane 
climbed to an altitude of 9,500 feet, the first photo- 
graphic circle was taken overlooking Beardmore 
Glacier and the Queen Alexandra Range of South 
Victoria Land. Photographs and maps from the 
Scott and Shackelton expeditions aided in the 
identification of Mount Hope, Mount Cloudmaker, 
and many of the other peaks of the region. 

Turning southeastward, we laid a course just 
north of the junction of the Ross Shelf Ice with 
the foothills of the Austral Cordillera and took 
photographs to the south. However, a lowering 
sun to the south cast severe shadows over the area, 


making it impossible to obtain pictures of good 


Fic. 35, 


(C-48) Looking west toward South Victoria Land. 
escarpment of the Dominion Range. 


quality. It was unfortunate that the flight had, 
of necessity, been projected at a time when neither 
weather nor other circumstances would permit the 
flight to reach this region during a period when 
the sun was to the north. Nevertheless, our first 
sight of these magnificent mountains, extending 
several thousand feet above the altitude of the 
plane, was one never to be forgotten. 

Immediately ahead of the plane lay the major 
objective of the flight—a wide gap in the Austral 
Cordillera. The gap had been left unexplored 
between the time of the expeditions of Scott and 
Shackleton to the west and of Amundsen and 
Byrd to the east. As the plane flew on to the 
southeast, the significance of this area, viewed 
now for the first time, became apparent. 

The Dominion Range, named by Shackleton, is 
a great, flat-topped ridge running southeastward 
along the Beardmore Glacier and extending to the 
polar plateau, which it reaches near the 180th 
meridian in latitude 85° S. (fig. 35). The north- 
eastern side forms a more or less unbroken escarp- 
ment. Well below the contact line of the flat- 
lying Beacon sandstone series, the gently sloping 
and nearly snow-covered series of foothills (fig. 
36) fan out northeastward to form an almost 
straight line parallel to the junction of the Ross 
Shelf Ice. It reaches from the mouth of Beard- 
more Glacier to the mouth of Wade Glacier. 


Official U.S. Antarctic Service photo, by Shirley. 


Beardmore Glacier lies just beyond first major 
Plane altitude 9,500 feet. 
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Official U. S. Antarctic Service photo, by Shirley. 


Fic. 36. (C-35) A view from the same circle as figures 33, 34, 35. Low mountains in the central foreground 
and the indicated trend of the Dominion Escarpment are offered as further aerial evidence that the Austral 
Cordillera is broken into one or more en echelon blocks in this vicinity. Plane altitude 9,500 feet. 


These low foothills rise slightly as they approach 
the 175th meridian W., where they are suddenly 
breached by the beautiful, straight-walled Wade 
Glacier, running north and south (fig. 34). This 
glacier may occupy a fault zone, for directly to 
the east and rising abruptly above the foothills is 
the gigantic bulk of Mount Bush and the north- 
western end of an escarpment that extends to the 
southeast, past Mount Fisher and Mount Fridjof 
Nansen, and on to the Queen Maud Range (fig. 
33). The author suggests that this escarpment 
be designated the Prince Olaf Escarpment in view 
of the name given by Amundsen to the range of 
mountains immediately west of Liv Glacier. 

The discontinuity of the Prince Olaf Escarp- 
ment with the Dominion Escarpment suggests that 
the Antarctic horst in this region is en echelon in 
character. The Thomas Watson Escarpment, 
east of Thorne Glacier, appears to be another 
block rising southeast of the Olaf block, although 
all of them strike in the same general direction. 
Possibly a similar block faulting takes place west 
of Beardmore Glacier. As previously mentioned, 
Wade Glacier appears to lie in the fault zone at 
the end of Prince Olaf block, and such an origin 
might account for the location of Beardmore and 
Thorne Glaciers at the end of the Dominion and 
Watson Escarpments. 

Each of these blocks has at its front a charac- 
teristic zone of foothills which progressively be- 


come more extensive as they extend eastward. 
The foothills of the Prince Olaf block were of 
great interest because the plane flew directly above 
them. These foothills extend a distance of 50 
to 75 miles east and west and have remarkable 
uniformity in the elevation of crestline peaks (fig. 
33). This suggests a former erosion surface, pos- 
sibly at sea-level, before the whole region was up- 
lifted. The crestline surface rises to the south- 
ward in a gentle slope intersecting the escarpment 
below the Beacon sandstone series at an elevation 
of about 8,000 feet. The foothills were unmis- 
takably metamorphic in character, a striking con- 
trast to the flat-lined sediments. 

Photographic circles were taken near Wade, 
Liv, and Amundsen Glaciers, the last of which is 
just south of the 85th parallel near longitude 160° 
W. From here the flight turned northeastward 
on the homeward leg. We had desired to return 
along the 150th meridian, examining the nature of 
Marie Byrd Land and its articulation to the Ross 
Shelf Ice. However, heavy clouds beneath the 
plane not only prevented this accomplishment but 
cut off the entire view of the surface for the next 
150 miles. Several important observations were 
nevertheless made before the surface view was 
blanked out. 

The foothills beyond the Watson Escarpment 
extend much farther north than previously ob- 
served. The escarpment appeared in several iso- 
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lated patches with uniform crestlines. The more 
easterly exposures near the horizon lay directly in 
the path of a break which might exist between 
Marie Byrd Land and the Austral Cordillera. 
North of these outcrops, none of which could have 
been more than 2,000 feet high, began the gently 
rising slope of the inland ice cover of Marie Byrd 
Land. This gigantic ice stream, first described by 
Gould as coming from the southeastern corner of 
the Shelf Ice, is further evidence that the region 
is a glacial head, receiving ice from three direc- 
tions. From the south, Thorne Glacier and the 
other great streams of ice coming from the polar 
plateau are bent westward. From the east the 
depressed area at the foot of the Cordillera drains 
directly westward, while from the north Marie 
Byrd Land drains its gently sloping piedmont ice 
into the westward flowing stream. Great pres- 
sure rolls, valleys, moraines, and crevasses exhibit 
the confluent pattern of the component parts. 

When latitude 84°40’ S., longitude 152° W., 
was reached, the snow surface beneath the plane 
had risen, exhibiting the dimpled appearance of 
highland ice and giving definite proof of land 
above sea-level with a relatively thick covering of 
ice. 

The clouds disappeared before the plane reached 
the 82d parallel near longitude 152° W., where 
highland ice with occasional patches of crevasses 
was easily visible beneath the plane. Toward the 
81st parallel the elevation of the land dropped to 
approximately that of shelf ice, and the slope of 
the land, marked by ice falls and crevasses, could 
be seen extending like an escarpment off to the 
east. The plane crossed a large insular mass par- 
tially outlined by crevasses on the northern side. 
The plane crew, however, were much happier to 
see Roosevelt Island and the Bay of Whales ahead 
of them, for by this time the gasoline supply was 
running dangerously low. Landing was made at 
West Base without the formality of a circle, for 


less than 15 minutes’ supply of gasoline remained 


in the tanks after a flight of over 11 hours. 

Flight C completed our surveys of the Ross 
Shelf Ice, except for local flights to its northeast- 
ern corner. From the three major flights, which 
had afforded at least a distant view of almost the 
entire shelf, it was possible to report definitely at 
least six newly discovered areas of deformation 
in the central Ross Shelf and to supply a com- 
plete series of pictures of its northern and south- 
ern boundaries. 


LOCAL FLIGHT OPERATIONS 
The Southeastern Gas Cache Flights 


Early in the spring of 1940 several flights were 
made in the Condor and the Beechcraft for the 
purpose of laying gas caches. The first of these 
was on October 24, when Petras and the base 
leader flew southeast to the Horseshoe Crevasses 
near latitude 80°45’ S., longitude 147° W., where 
a suitable location for a gasoline cache was chosen. 
This flight turned north-northwest to 105-Mile 
Depot, permitting the plane crew to observe the 
indefinite eastern coast line of Prestrud Inlet.’ 

The coast of the mainland here runs almost 
southeast and northwest, ending in a cape south 
of the Rockefeller Mountains at latitude 78°45’ 
S., longitude 157° W. The land rises gradually 
to the eastward as it forms the so-called Rocke- 
feller Plateau. Between the cape just mentioned 
and the southwestern corner of the Edward Penin- 
sula, a glacial embayment extends eastward for at 
least 30 nautical miles. It was used by sledge 
parties en route to the Edsel Ford Mountains. 

On November 4 the Condor flew to the position 
selected by the Beechcraft crew for the gasoline 
cache and there deposited 200 gallons of gasoline. 
A theodolite was set up, and the position of the 
cache was determined. The line of. flight to the 
gasoline cache lay through a gateway between two 
areas of crevasses—one caused by a projection on 
the mainland, the other by an island previously 
mentioned as lying to the southeast of Roosevelt 
Island. Constriction of the ice flowing between 
the two points of land causes considerable dis- 
turbance, resulting in a series of even, parallel 
crevasses at right angles to the axis of flow in 
the central valley between. 

The land lying to the south exhibits a series of 
ice falls along the 81st parallel to the east. Where 
the southern escarpment approaches the north- 
west-trending coast, there is a large glacial stream 
draining the land rising to the north and south of 
it. This region was first seen by Admiral Byrd 
and his plane crew in 1934 and was named Horse- 
shoe Crevasses because of the semicircular shape 
of the crevasses curving around a point of land. 
The unusual amount of glacial activity at this 
junction suggests that perhaps there is an ex- 
tended depression running eastward or northeast- 
ward from this point. It is considered possible 


’ The name Prestrud Inlet has been suggested for the 
area lying between Roosevelt Island and the mainland, 
first crossed by Prestrud in 1912. 
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Official U. S. Antarctic Service photo, by Shirley. 


(EL-153) A view westward over Sulzberger Embayment showing a portion of its complicated ice 


pattern. 


that this depression may connect with the depres- 
sion believed to exist near the Sidley Mountains 


just east of Mount Hal Flood. Should this be 
true, then Edward Peninsula and northwestern 
Marie Byrd Land may be, in effect, an isolated 
block. The depression is so narrow, however, 
that it is a question whether it reaches sea-level. 
It is therefore doubtful whether the region could 
be considered insular. 

The Southeastern Gas Cache was laid expressly 
to support a proposed flight, comparable to Flight 
C to the Austral Cordillera, in the vicinity of 
longitude 120° W., where the Horlick Mountains 
lie. At least half a dozen attempts were made 
during the summer, on days when flying weather 
at West Base seemed propitious for the flight. 
But on each occasion a bank of fog concealed the 
gas cache, making it not only impracticable but 


hazardous to carry the flight to conclusion. It is 
regretted that this flight could not have been ac- 
complished. Each of the abortive attempts, how- 
ever, was turned to good account by continuing 
examination of interior areas lying in the vicinity 
of the Bay of Whales. 


Edward Land Survey—Flight EL 


Although Edward Peninsula was partly sur- 
veyed on each of the Byrd expeditions, it was de- 
sired that additional photographs be made in order 
to gain more detailed information. On Novem- 
ber 4, 1940, Shirley and Petras completely circled 
the peninsula in the Beechcraft, taking pictures 
and photographic circles at strategic points. 

The peninsula was passed, crossed, or circled on 
at least twenty occasions, so that considerable 






















familiarity with the region was gained. Among 
the more important discoveries was that the land 
is higher than had been conservatively estimated 
by the Second Byrd Antarctic Expedition. 

The central plateau rises between 3,000 and 
4,000 feet above sea-level, and Mount La Gorce, 
the highest landmark, is about 4,500 feet as meas- 
ured by altitude readings of passing planes. 

The eastern side of the peninsula, facing Sulz- 
berger Embayment, is deeply cut by two glaciers, 
one of which, near John Bowman Mountain, has 
a drainage area extending well back toward the 
center of the peninsula. Geologically, the Rocke- 
feller Mountains are an adjacent section of the 
Edsel Ford formation, and almost all of the nuna- 
taks fringe the edge where the ice is dropping 
away to the sea. The neck, connecting the penin- 
sula to the mainland, is being cut from each side 
by glaciers, an action that will undoubtedly reduce 
the peninsula to an island in a short time, geo- 
logically speaking. 


ROOSEVELT ISLAND 
-~“ serail 2 a . 
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shelf ice when it is floating freely. 
7,000 feet. 





(X-7) A section of Ross Shelf Ice about 10 miles west of the Bay of Whales. 
pattern of parallel valleys extending for a distance of 20 or 30 miles. 
They may represent hinge lines caused by tidal action. 
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Cape Colbeck is a low, snow-covered projection 
extending northwestward from the main body of 
the peninsula—an impression one would not get 
from previously published maps of the region. 
On the western side of the peninsula the piedmont 
ice field flows off into the sea as a sheet, broken 
only occasionally by specific glacial formations. 
This undoubtedly indicates that beneath the snow 
cover the land is smooth and gently sloping. 

Okuma Bay, the junction of the shelf ice with 
King Edward VII Peninsula, is very active and 
loses its ice early in the spring, leaving sheer cliffs 
which offer no opportunity for ship landings such 
as is found in most of the other bays along the 
Barrier front. 





SULZBERGER EMBAYMENT 


In 1929 Admiral Byrd named the embayment 
area lying east of Edward Peninsula, Arthur 
Sulzberger Bay. Some subsequent maps have 














Official U. S. Antarctic Service photo, by Shirley. 


Note the interesting 
Such parallel lines appear in the 
Plane altitude 
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restricted this name to a minor feature, leaving 
the area as a whole without a suitable name. In 
order to give it a name, Sulzberger Embayment is 
suggested. : 

This area, lying between Edward Peninsula and 
the Edsel Ford Mountains and extending south to 
Mount Grace McKinley, forms a large island- 
filled bay. It is entirely snow-covered, with shelf 
ice and glaciers passing between islands, so that 
crossing it by sledge is rather impracticable. Our 
many flight crossings of this embayment led to the 
unquestionable proof that many of the features 
labeled “ice islands” on maps made from Byrd 
Expedition data, are actually true islands, having 
relatively thin caps of ice. Rock exposures were 
seen on the edges of many of them, and it was 
apparent that a considerable portion of the em- 
bayment was occupied by a low land or morainic 
deposit, over which the ice was riding. A map 
of this region in full detail should prove of con- 
siderable interest to glaciologists and physiog- 
raphers. 


BAY OF WHALES AREA 


Because of its complexity, the Bay of Whales 
area has always been fascinating to the expedi- 
tions that have based there. It is defined as a 


zone lying between and including Kainan Bay to 


the east and Lindbergh Inlet to the west, and ex- 
tending southward to the middle of Roosevelt 
Island. This comprises an area of approximately 
4,000 square miles. Aerial surveys were made of 
the region in 1929, 1934, and again by the United 
States Antarctic Service in 1940. During this 
ll-year period, constant motion within the bay 
has greatly altered the physiography, giving in- 
disputable proof that the bay is closing. 

Leonard Berlin, surveyor at West Base, was 
able to check the relative movement by taking 
several prominent points within the bay. From 
his observations it appeared that West Cape had 
an average daily angular change of 45” of arc, 
amounting to nearly 6 feet a day. However, it 
was not until a comparison of the solar fixes at 
the bases of the three American expeditions had 
been made, that a true estimate of directions was 
possible. These comparisons showed that the 
east side of the bay has moved approximately 4.25 
statute miles to the west, but only about 2,000 feet 
northward. The movement in the period between 
1929 and 1934 amounted to about 8 feet per day, 
but it decreased considerably as it met stronger 
opposition on the west side of the bay, so that 


between 1934 and 1940 the approximate move- 
ment dropped to 3.3 feet per day. 

The ice from Prestrud Inlet, moving around 
the eastern side of Roosevelt Island, apparently 
strikes an obstruction some distance to the south- 
east of Little America. Kainan Bay lies beyond 
the obstruction, although apparently at least some 
of the obstruction is in the southern end of 
the bay itself. It is believed that possibly the 
shelf ice of Prestrud Inlet is moving over or is 
obstructed by a bank of morainic material which 
it has transported from the south. This is based 
partly upon the assumption that long valleys, 
termed hinge lines, develop in the shelf ice parallel 
to the Barrier face whenever the ice is flowing 
over deep water. Hinge lines are very prevalent 
in the shelf ice east and west of the Bay of 
Whales, except in the area to which the ice is be- 
lieved to be tied. It is felt that if the tying was 
due to a rock ridge of any size, the surface would 
be badly broken. However, this is not true, and 
the fact that the shelf is resting on submerged 
land was proved by Dr. Thomas Poulter in 1934. 

The west side of the Bay of Whales forms an 
entirely different picture. Here the movement is 
northward. Water under the Barrier surface is 
known to be deep, and hinge lines extend 20 to 
30 miles westward (fig. 38) almost to Lindbergh 
Inlet. Thus we see the Bay of Whales is really 
the meeting-place of two shelf-ice systems—the 
western area being fed from the south and the 
eastern area being fed from the southeast. They 
are meeting all seasonal bay ice that forms over 
deep water and are crumpling between the shelves 
(figs. 39, 40). 

The deformation patterns formed by the crump- 
ling ice are similar in form to crustal fractures in 
the earth’s crust. Consequently, interest has been 
aroused through the geological and geographical 
divisions of the National Research Council * to 
study existing photographs with great care. The 
Geological Society of America has provided a 
grant for the construction of maps, and it is hoped 
that within a year or so the intricate pattern of 
deformation in the Ross Shelf Ice surrounding the 
Bay of Whales area will be mapped in large scale. 
From these maps, it is hoped that glaciologists and 
structural geologists will be able to interpret the 
stresses causing the deformations. Although a 


4 Committee on the Deformation of the Ross Shelf Ice: 
Walter Bucher (chairman), Max Demorest, Laurence 
Gould, Francois Matthes, Paul A. Siple, and F. Alton 
Wade. 
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Fic. 39.~ '(L-160) Looking ‘southward over Bay of Whales from an altitude of 10,000 feet. 


Official U. S. Antarctic Service photo, by Shirley. 


Heavy pressure 


in the old bay ice indicates gradual closing of the bay. The bay is the result of two ice shelf systems moving 
from either side of Roosevelt Island. On the right is the Ross Shelf Ice proper, moving northward. On 
the left the shelf ice from Prestrud Inlet is moving almost due west. 


detailed study of the Bay of Whales area might 
be of little intrinsic value, the principles of de- 
formation to be derived from such a study may 
be applied to morphological features in the earth’s 
crust, which, in a larger sense, is a relatively thin 
layer floating on plastic medium. Thus, from the 
study of ice in the Antarctic it is possible that we 
may better understand the origin of mountains 
and other physical features of the earth in regions 
generally considered more valuable to man. 


No discussion of flight operations from West 
Base would be complete without passing reference 
to the altitude flights made in the Beechcraft. 
These flights were for the purpose of making 
cosmic-ray observations, and on one such flight the 
plane reached an altitude of over 21,000 feet. 

It is interesting, also, that the Beechcraft was 
flown as early in the spring of 1940 as August, 
shortly after return of the sun, and during a 
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50 to 150 feet above the shelf ice surface. 


period when the temperature was 60° to 70° be- 
low zero. 

The final flight of the Condor was on January 
3, 1941. This flight was made to a point 92 miles 
east of West Base by McCoy, Giles, and the base 
leader for the purpose of freighting back some of 
the equipment and supplies which the trail parties 
and tractor found impossible to handle owing to 
soft sticky surface. 

The plane landed without difficulty and loaded 
on board the excess material. A norma! take-off 
was made, but within a few minutes the starboard 
engine had developed a distinct knock which grew 
steadily worse as the plane gained altitude. A 
thick blanket of ground fog hung over the sur- 
face between 105-Mile Depot and Okuma and 
Kainan Bays. As the Condor reached the edge 
above the fog, the starboard engine literally ex- 
ploded. The switch was cut, and pilot McCoy 
brought the plane to a safe landing a quarter of a 
mile from the Eastern Tractor Trail. 

As the plane was in constant radio coatact with 
West Base (as on all flights), Petras and plane 
captain Gray were off to the scene of the accident 
within a few minutes after being advised of the 
situation. Gray found the damaged motor was 
beyond repair, and the Condor was therefore 
abandoned. The airmen were flown back to the 
base in the Beechcraft, and on two subsequent 
flights Petras succeeded in salving all valuable in- 
struments from the Condor as well as the major 
portion of its flight load. The Condor itself re- 
mains where it last landed—near latitude 78°30’ 
S., longitude 157°30’ W. 


(RI-54) One of the zones of pressure in the Bay of Whales area. 
meets here near the northwestern end of Roosevelt Island. 


Official U.S. Antarctic Service photo, by Shirley. 


The ice of two barrier systems 
The anticlinal blocks rise to an elevation of 


Plane altitude 800 feet. 


SUMMARY 

Geographical exploration was projected from 
West Base in 1940 by means of five reconnais- 
sance field parties and two aircraft. The routes 
followed but extended considerably beyond those 
opened first by the Byrd Expeditions of 1929 and 
1934. The operations of the field parties were 
limited to the coastal mountains east of Little 
America from longitude 164° W. to longitude 
136° W. The parties were occupied mainly with 
surveying, geology, biology, and meteorology. 

Aerial reconnaissance and surveying extended 
eastward to longitude 120° W. and included major 
land features to a distance of nearly 200 miles 
south of the coast. This was accomplished by six 
flights, during which more than 1,000 usable aerial 
survey photographs of the area were taken and 
made available for subsequent map construction. 
Exploration to the west of Little America in- 
cluded three major flights over previously ex- 
plored portions of the Ross Shelf Ice, crossing 
in each case into meridians of east longitude in the 
vicinity of latitudes 78°30’, 79°20’, 81°, 83° and 
84° S. Six newly discovered areas of internal 
disturbance were studied, and 15 bays and inlets 
were photographed in the continuous aerial survey 
of about 400 miles of Barrier face from an alti- 
tude of 7,000 feet. 

Southern exploratory operations were confined 
mainly to filling in the gap of mountains in the 
Austral Cordillera between Beardmore and Liv 
Glaciers. However, the character of land forma- 
tions east to the 120th meridian W. indicated no 
sea-level connections between the Ross and Wed- 
dell Seas. 
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FIELD ALTITUDES OF WEST BASE PARTIES, 
UNITED STATES ANTARCTIC SERVICE EXPEDITION, 1939-1941 
Lieutenant ARNOLD COURT, U. S. Army 


Meteorologist, West Base, U. S. Antarctic Service 
Junior Meteorologist, U. S. Weather Bureau 


THE altitudes of most of the camps occupied 
by trail parties operating from West Base during 
1940-41 have been computed and are given in 
an accompanying table. 

For the most part, classic methods of baro- 
metric hypsometry were employed. That is, 
barometer readings of trail parties were com- 
pared with readings obtained simultaneously at 
West Base, and also at the Seismic Station out- 
post on Mount Franklin in the Rockefeller 
Mountains. 


DIFFICULTIES AND ERRORS 


Barometric hypsometry is, by and large, an 
attempt to solve a single equation in two vari- 
ables. Ordinarily, the only data at hand are 
simultaneous pressure determinations and, per- 
haps, temperatures at two isolated stations, of 
which the elevation of only one is known. 

Of vital importance, but usually wholly un- 
known, is the pressure distribution over the area, 
both that of transient weather and the general 
semipermanent circulation. Scarcely less impor- 
tant is the general temperature distribution. 

Since the pressure of the atmosphere depends 
on both the altitude of the point of measurement 
and the weather, it is impossible to determine 
from only two readings how much of the pressure 
difference between two stations is due to their 
relative difference in elevation, and how much 
is due to the existing gradient of atmospheric 
pressure, governed chiefly by the weather. 

Rarely are there any exact methods of fixing 
this pressure gradient in reconnaissance survey- 
ing, and it is customary either to assume standard 
sea-level pressure for the area in question or, if 
a near-by station of known elevation is available 
for comparison, to postulate a uniform pressure 
field of zero gradient between the two stations. 

Similar in nature to the error caused by ignor- 
ing the pressure field is the error sometimes 
introduced through comparison of two non- 
simultaneous readings. Such errors may be in- 


significant, and methods may be used to cancel 
them out almost entirely. 

Thus if barometric readings are taken with the 
same instrument at the base of a mountain, at 
the peak, and again at the starting point, the 
true pressure difference may well be assumed to 
be that between the reading at the peak and the 
average of the two at the base. In this case the 
horizontal gradient between the peak and a point 
directly above the starting place may be dis- 
regarded. However, if there is much difference 
between the first and third readings, assumption 
of constant linear change over the period in 
question is not wholly justifiable. 

On the other hand, if the pressure corresponds 
with the tendency observed at the end of the 
day, such a tendency may well be assumed to 
have existed during the day. In this case it is 
permissible to extrapolate the observed pressure 


of one of the stations, using the common tend- 
ency, and thus to obtain a pressure difference 
from which the relative height difference of the 
two camps may be determined. 

Similar to but more local than the pressure 
gradient problem is the question of fictitious 


pressures. These are usually due to wind con- 
vergence, as on an exposed mountain slope or in 
a canyon. Less pronounced effects may be 
caused by wind eddies, as in the lee of a moun- 
tain. In field work there is no way of compen- 
sating for such errors, and if the explorer has 
unfortunately located himself in such a position, 
all that can be done is to ignore the readings. 
Temperature is an important factor in the 
hypsometric equation. Thus, while a difference 
between pressures of 27 and 28 inches represents, 
at 50° F., an altitude difference of 989 feet, if the 
mean virtual temperature of the air column be- 
tween the two stations be 50°F. lower, the 
altitude difference is reduced by 10 percent. On 
the other hand, it is increased by a similar 
amount at a temperature of 100° F. Where 
differences are of the order of several thousand 
feet, the temperature correction becomes sizable. 
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Specifically, in the Antarctic, the problem 
arises whether the temperature to be employed 
is that of surface air along a slope or of free air 
above the lower station. Generally in the sum- 
mertime, surface air temperatures lie between 
freezing and —20°C. In the free air, however, 
there is often a slight inversion so that at some 
point a couple of thousand feet above the surface 
the temperature is often at the freezing point, 
perhaps 20 degrees warmer than at the surface. 

In this case there is no equilibrium, and com- 
putation must be based on one of two inaccurate 
premises: either the gradient along the slope is 
slight and therefore the altitude of the upper 
station is that given by considering the surface 
temperatures, or else the horizontal gradient 
along the plane of the upper station is negligible 
and thus the free air virtual temperature should 
be used in determining the elevation. 

Furthermore, there is often room for doubt 
that temperatures as measured indicate the true 
air temperature at the time of observation. An 
error of 10° C. (such as may be introduced easily 
by solar warming of a thermometer shelter) can 
cause a discrepancy of 100 feet or more in an 
altitude determination. 

Finally, there is the question of the accuracy 
of the readings themselves. For ordinary field 
work, aneroid barometers are used, and even the 
best of these may develop rather large errors due 
to some unavoidable rough handling or to ex- 
tremes of temperature. 

Rarely is it possible to obtain agreement be- 
tween such instruments closer than .02 inch, and 
in general readings on small pocket barometers 
are accurate to within .04 inch only. 

For differences of elevation of several thousand 
feet such errors amount to 5 per cent or so, but 
where the differences are in tens or hundreds of 
feet, the instrumental error may be greater than 
the pressure difference due to height. 

Thus there are four major sources of error in 
any hypsometric calculation: 


1. Lack of information on the true pressure 
gradient. 

2. Inaccurate determination of the mean vir- 
tual temperature of the air column between the 
two stations. 

3. Fictitious pressures due to surroundings. 

4. Instrumental errors. 


In the determinations of altitudes of field sta- 
tions of the United States Antarctic Service 
(West Base), all of these errors are present to 


some extent. In most cases a pressure gradient 
correction was applied. 


METHOD OF COMPUTATION 


The altitude of the Seismic Station on Mount 
Franklin in the Rockefeller Mountains, 105 miles 
ENE. of West Base, was fixed at 1,280 feet MSL 
(mean sea-level) on the basis of several baro- 
metric comparisons. These included: 

1. The average pressures for the entire two 
months that the station was occupied. 

2. The average pressures for each of the four 
daily observations during each month. 

3. Simultaneous readings on days when neither 
station had pressure change of more than .02 
inch in the preceding 6 hours, nor surface winds 
greater than 3 meters per second (7 m. p.h.), 
and when the upper air winds at West Base were 
no greater than 7 meters per second (15 m. p. h.) 
in the first 1,000 meters (3,281 feet). 


TABLE 1 
SUMMARY OF COMPUTATIONS OF ALTITUDE OF 
SEISMIC STATION 


Comparisons with West Base readings: 

November 0000 GMT observations (24) . 
November 0600 GMT observations (24) . 
December 0000 GMT observations (17) . 
December 0600 GMT observations (17) . 


Six selected observations: 

November 24 0600 GMT.... 
November 25 0600 GMT.... 
November 25 1200 GMT.. 
December 16 0600 GMT.... 1,214 
December 19 0600 GMT.... 1,145 
December 25 0600 GMT.... 1,161 


7,034+6=1,171 
5,894 +5=1,179 


Figure rounded to nearest 10 feet (1,180); 100 feet added 
(elevation of West Base) gives 1,280 feet MSL. 


1,170 
1,175 
1,191 
1,180 


1,184 
1,166 
.. 1,164 


TABLE 2 
SAMPLE OF ALTITUDE COMPUTATION FOR SEISMIC 
Station (November 0000 GMT observations) 


Seismic Station, average of 24 readings 27.674 
Barometer correction + .040 
Corrected pressure i in 'sce o's eee 

Altitude (from table 51, Smithsonian 

Tables) 

West Base, average of same readings. . 

Altitude (from table 51) 
Difference 

Average temperature at Seismic Sta- 

tion observations 

Average temperature at West Base... 

Mean temperature 

Correction for 12° F. (table 52) 

Difference in height 


2,067 feet 


803 feet 
1,264 feet 


—94 feet 
1,170 feet 














After this determination was made, the pres- 
sure gradient between these two stations was 
determined for each day and then applied pro- 
portionately to readings of field parties which 
were operating in the same general direction from 
West Base as the Seismic Station. Thus, read- 
ings of a party near Mount Grace McKinley, 
210 miles from the base, were corrected by twice 
the amount necessary to correct the simultaneous 
reading of the Seismic Station to give the latter 
its accepted altitude. 

While this method is far from accurate, and 
some cases may decrease rather than increase the 
accuracy of the final result, it probably enhances 
the value of the determinations on the whole. 

In addition to being compared to West Base 
pressures, readings of field parties also were com- 
pared directly with the Seismic Station with a 
proportional gradient correction obtained in the 
same manner. 

To counteract further the effect of local pres- 
sure conditions, readings for successive camps of 
the various parties were extrapolated over the 
period of the intervening day’s travel, and the 
relative height difference was compared. Thus, 
by a sort of barometric leveling, elevations were 
carried forward from day to day. 

For the most part the final figure accepted for 
the various camps was the mean of these three 
figures: 

1. Altitude leveled to West Base, with gra- 
dient correction. 

2. Altitude referred to the Seismic Station, 
also with gradient correction. 

3. Altitude referred to the previous day’s camp 
(or the following day’s, in case of homeward- 
bound parties). 

By exact leveling with a surveying theodolite, 
Dr. Wade fixed the elevation of the main floor 
of the science building at West Base as 101.5 feet 
above sea-level. Sea-level in the Bay of Whales 
is a constant, since either there is no tide what- 
ever or else the bay and the barrier ice rise and 
fall with such slight tide as may exist. No tidal 
motion has been observed at the ice face. 

All field altitude computations were first re- 
ferred to the plane of West Base, and after final 
values were determined, the additional 100 feet 
were added, the figures were rounded to the near- 
est 10 feet, and the result was taken as the 
accepted elevation. 

In the actual computations, corrections for 
latitude (gravity) and humidity (tables 53 and 
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54) were ignored, since they rarely amounted to 
more than 1 or 2 feet, far less than the error of 
the computations as a whole. Thus only tables 
51 and 52 of the Smithsonian Meteorological 
Tables (fifth edition) were employed, as illus- 
trated in the accompanying tables. 

Since all three parties followed the same trail 
(with a few shortcuts) for 260 miles east from 
West Base, and since at least two traveled to- 
gether, there is a wealth of readings for this 
section. Where camps were jointly occupied, 
the final figure for each of the one-third weight 
divisions was obtained by considering the two 
parties as a single unit. 

Where camps were occupied at different times, 
i.e., out-bound and in-bound, final figures for 
each occupation were averaged to give the ac- 
cepted figure. 

In general an acceptable amount of personal 
judgment entered into all these computations, 
and it is hoped that the worries thereover have 
increased the value of the final result. 


ROUTES AND RESULTS 


The route of the trail parties for the first 120 
miles was over the flat Ross Shelf Ice, then up 
the rather steep escarpment of the Rockefeller 
Plateau and across its undulating ridges for 
nearly 100 miles to a maximum altitude of 3,740 
feet MSL. The parties descended the northeast 
escarpment of the plateau, then ascended the 
side of Mount Grace McKinley. From there 
they proceeded along the sloping continental 
shelf, crossing two ridges until they reached the 
mouth of a glacier in John Hays Hammond 
Inlet, some 350 feet MSL. 

Thence the Biological Party went north across 
the bay shelf ice for 50 miles, then turned east- 
ward, ascending the Fosdick Mountains to a 
maximum height of 3,670 feet MSL. This party 
returned by virtually the same route. 

From John Hays Hammond Inlet the Pacific 
Coast Survey Party picked its way ENE past 
Mount Rea and up a glacier through the Edsel 
Ford Range on to the Marie Byrd Land Plateau, 
proceeding thence nearly 100 miles to Mount Hal 
Flood. The party returned by the same route. 
Unfortunately, the barometer carried by this 
party would read no lower than 24.67 inches, 
reached at an altitude of some 4,700 feet MSL. 
Thus this party traveled some three weeks with 
no change in barometric reading, indicating that 
the elevation of Marie Byrd Land is 5,000 feet or 
greater. 
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TABLE 3 


SAMPLE OF FIELD ALTITUDE COMPUTATIONS: heey G-39 





Observed | Correctedt | Height Height ee Height Sums 
pressure pressure | (from differ- natin differ- and 
(inches) (inches) | tables) ence ence Means 


Mean - Mean 
height temp. 
tion oF. - F 





Determination of Pressure Gradient:} 
SEIS | 27.865 | 27.905 | 1,877 | 
L.A.* | 29.218 NS 627 1,250 


SEIS | 27.825 | 27.865 | 1,916 
L.A. | 29.218 | . 627 | 1,289 





Pressure Gradient Corrections: 
1180—1198 (SEIS alt.) = —18 | 
SEIS corr: 180/105 X —18 = —31 | 
L.A. corr: 270/105 Kk —18 = —46 
(Camp G-39 is 180 miles from Seismic Station and 270 miles 
from West Base; the two bases are 120 miles apart.) 


Altitude compared to Seismic: 
G-39 26.75 26.72 3,056 
SEIS | 27.90 27.90 1,882 | 1,174 


26.68 26.65 3,128 
27.86 27.86 1,921 | 1,207 





| | 
Altitude compared to West Base: 
0630 | G-39 | (as above) 3,056 
| ed 29.215 | 29.215 630 | 2,426 








2200 | G-39 (as above) | 3,128 
L.A 29.220 | 29.220 625 | 2,503 | 


Altitude compared to next camp: 
Dec. 10....| 3: 26.70 26.67 3,107 
; 26.95 26.92 2,854 | 253 | 
(elev. of G-40 above L.A.) 











100* 





| 
| 


2%. ittle ei III (West Base). 
+ Corrections based on comparisons of field barometers before and after trip, and intercomparison in field. 





| acta 
| | 651 +3 = 2,217 
| 


Elevation of Camp G-39 2320 MSL 


The Edsel Ford Mountains Geological Survey of this baseline has been computed, probably to 
Party made a wide circle through the mountains within 50 feet. 
on both sides of the glacier ascended by the Thus altitude determinations in the area pene- 
Survey Party. Three days were spent laying trated for the first time by these trail parties are 
out a 5-mile baseline from which scores of sur- the least accurate of the entire series, because 
rounding peaks were triangulated; the altitude parties were operating singly and provided no 
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check on each other, camps were occupied only 
once, and the area was farthest from the com- 
parison base—300 miles away with an inter- 
vening plateau. 

As for instrumental error, none of the barom- 
eters had the same correction at the end of its 
trip as at the start. One of them, with the 
Biological Party, changed by 1.11 inches when 
the sled upon which it was carried overturned 
just before reaching Mount Grace McKinley 
out-bound. This figure was determined by com- 
parison with the other readings during the three 
days when all three parties were camped together 
at Mount Grace McKinley. 

For the others, whose change was no greater 
than .10 inch, corrections were assumed constant 
over each half of the journey. 

For future work of this type the use of the best 
obtainable barometers cannot be recommended 
too strongly. Also, explorers should be im- 
pressed thoroughly with the need for frequent and 
accurate observations, with accurate times and 
other meteorological data entered concurrently. 

In the following table determinations have 
been arranged in order of distance, by trail, from 
West Base. Elevations are in feet above mean 
sea-level, based on a value of 100 feet for the 
snow surface at the camp, determined by leveling 
from the actual water surface in the Bay of 
Whales. 

Locations are identified by initials indicating 
the party occupying them (B for Biology, G for 
Geology, S for Survey) with that party’s camp- 
site number; thus B-50 was the 50th camp site of 
the Biological Party. Where the same site was 
occupied more than once, either simultaneously 
or at different times, more than one designation 
is used. In addition, where possible, camp sites 
are identified with reference to mountains or 
other landscape features; peak numbers are those 
given by the expedition. 

Although every effort was made to insure 
determinations as correct as possible, relative 
accuracy is roughly as follows: Auroral camp to 
foot of plateau, within 100 feet; Rockefeller 
plateau to Mount Rea area, within 200 feet; 
beyond John Hays Hammond Inlet and Mount 
Rea, within 500 feet. Exceptions are ‘‘105-Mile 
Depot,’ which is 300 feet, within 10 feet; and 
Mount Grace McKinley camp, 2,390 feet, within 
50 feet. 


Feet 
(MSL) 


100 
183 
170 
190 
150 
190 
180 
160 
240 
190 
200 
210 
170 
250 
160 
290 
200 
300 
1,280 
305 
275 
470 
590 
1,210 
1,370 
1,570 
2,070 


TABLE 4 


FreLp ALTITUDES 


Location 


West Base 


Pw 


NN 


S-2, Aurora Camp (by leveling) 
-3 


DeOPmYmm my 
D Or MG cr de So bo 


Y 
ag & 


PEERS 
“own 
So 


3-9 

B-11, S-8, G-11, ‘105-Mile Depot” 

Seismic Station 

S-54, G-53 

B-12, S-9, G-12 

B-48 

B-13, S-10, G-13 

S-53, G-52 

B-14, S-11, G-14 

B-47 

S-52, G-51 

B-15, S-12, G-15 

B-46 

B-16, S-13, G-16, S-51, G-50 

B-17, S-14, G-17 

B-45 

B-18, G-18, S-50, G-49 

S-15 

B-19, G-19 

S-16 

B-44 

S-49, G-48 

B-20, G-20 

S-17 

B-21, S-18, G-21, B-43, S-48, G-47, 
Mt. Grace McKinley camp site 

Peak of Mt. McKinley (1934 fig. cor- 
rected) 

B-22, G-22 

B-42 

S-19 

B-23, G-23 

S-47, G-46 

B-24, G-24) 

B-41 betw. Hershey and Haines 

S-46, G-45{ Mts. 

S-20 

B-25, G-25, NE side Haines Mts, 

B-40, Hammond Inlet 

S-21, Hammond Inlet 

G-26, Hammond Inlet 

G-44, S-45, Hammond Inlet 
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TABLE 4—Continued 


Location 


G-27, SW side Mt. Rea 
S-22, S-43, G-42, Mt. Rea Cache 


GEOLOGICAL PARTY 


G-28, 5 miles NE Mt. Rea 

G-29, 2nd baseline camp 

G-30, 3rd baseline camp 

G-31, NE Peak 25 

G-32, betw. Peaks 237 and 244 

G-33, E of Peak 246 

G-34, S of Peak 232 

G-35-A, S of Peak 317 

G-35-B, E of Peak 339 (farthest point; 
distances thereafter reckoned back- 
ward) 

G-37-A, W of Peak 330 

G-37-B, W of Peak 345 

G-38, N of Peak 346 

G-39, N of Peak 203 

G-40, N of Peak 204 

G-41N, NEN Peak 201 

G-42, N of Peak 218 

G-43, S-44, Mt. Rea Cache 


SURVEY PARTY 


S-22, G-43, S-44, Mt. Rea Cache 
S-43, betw. Mt. Rea and Swanson Mts. 
S-23, SW of Swanson Mts. 

S-24, near Peak 332(?) 

S-42, near Peak 332(?) 


Miles 
from 
West 
Base 
334.5 
350.9 


Feet 
(MSL) 
4,410 
4,760 


TABLE 4—Continued 


Location 


S-25, N of Mt. Farley(?) 
S-41 


Elevations of camps on remainder of trip to Mount 
Hal Flood above 4,700 feet, the extreme limit of barometer 
used by this party. 


‘ < ¢ 
rmwAUN Ah BS & 
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w 
on 
uo 


BIOLOGICAL PARTY 


B-26, Hammond Inlet 

B-27 

B-39 

B-28, E of Low Hills 

B-29 

B-38 

B-30 

B-31 

B-32, S of Mt. Iphigene 
B-33, B-37, S of Mt. Marujupu 
B-34, S side of Fosdick Mts. 
B-35, top of Fosdick Ridge 
B-36, top of Fosdick Ridge 


COLLECTING STATIONS OF BIOLOGICAL PARTY 


(NOT TOPS OF PEAKS) 


Peak 11.A, near camp B-28 
Peak 11, near camp B-28 
Outcrop A, level with B-32 
Peak 167, near camp B-32 
“saddle,” near camp B-32 
Peak 1120, near camp B-34 
Marujupu, near camp B-33 





THE GEOLOGY OF THE ROCKEFELLER MOUNTAINS, KING EDWARD VII LAND, 
ANTARCTICA 


Major F. ALTON WADE, U. S. Army 


Senior Scientist, U. S. Antarctic Service 


INTRODUCTION 


IN spite of the fact that three expeditions had 
had their main bases a little more than 100 miles 
away from one group of mountains in King 
Edward VII Land, practically nothing was 
known of the geology of that peninsula prior 
to 1940. 

The discovery of King Edward VII Land was 
made by Scott ' in 1902 while on his first expedi- 
tion to the Antarctic regions. The low range of 
mountains, subsequently named the Alexandra 
Mountains (fig. 1), was sighted by him as were 
the bare rock exposures on Scott’s Nunataks. 
Ice conditions prevented him from making a 
landing. 

The first and only party to visit the mountains 
discovered by Scott was led by Lieut. K. 
Prestrud? in 1911. During the same season, 


when the leader of the expedition, Amundsen, 


was making his trip to the Pole, Prestrud and 
two companions sledged eastward on to the ice 
plateau covering the greater part of Edward 
Land and to Scott’s Nunataks, which they 
ascended and where they collected a few rock 
specimens. 

The more southerly group of mountains on the 
peninsula was discovered by Admiral Byrd * on 
January 27, 1929, while on his first exploratory 
flight in Antarctica, and was subsequently named 
by him for John D. Rockefeller, Jr. (figs. 2, 3). 
An attempt to explore these mountains was made 
by Byrd’s second-in-command, L. M. Gould, 
later in the same season. His survey was 
prematurely ended after he had visited only one 
peak, Mount Helen Washington, when disaster, 
resulting in the loss of a plane, overtook his 
party. The Rockefeller Mountains were first 

1Scott, R. F. 
London, 1905. 

2 Prestrud, K. Eastern sledge journey. 
R., The South Pole 2: 204-261. 

3 Byrd, R. E. 
1930. 

* Byrd, R. E., op. cit., chap. 8. 


The voyage of the ‘‘Discovery” 1: 183. 


In: Amundsen, 
London, 1913. 
Little America, 124-125. New York, 


mapped from aerial photographs taken that 
same season. 

During Byrd Antarctic Expedition II, 1933-35, 
several parties were in the vicinity of the Rocke- 
feller Mountains during the sledging season. 
Mount Helen Washington was explored in part 
by the party which was under the leadership of 
Paul A. Siple’ and of which the author was a 
member. This party, homeward-bound from a 
survey trip in Marie Byrd Land, was unable to 
remain long enough to complete a survey of the 
many peaks. Mount Nilsen was visited and as- 
cended by a three-man party later that same 
season, but no specimens were collected. 

The geological knowledge of King Edward VII 
Land was limited, therefore, to analyses of rocks 
from Scott’s Nunataks, the most northern peaks 
on the peninsula, and to analyses of rocks from 
Mount Helen Washington, the most southerly 
peak, prior to the investigations of the United 
States Antarctic Service Expedition, 1939-1941. 

The region lies between two of the better-known 
and geologically different regions of Antarctica. 
The mountains of the Antarctic Horst which 
border the Ross Shelf Ice on the west and south 
had been explored by members of several British 
expeditions and of the two Byrd Expeditions. 
The western portion of the Edsel Ford Mountains 
in Marie Byrd Land, which lies to the east of 
King Edward VII Land, was explored in 1934 by 
Siple and Wade,‘ and the plans for the U.S. A. S. 
Expedition called for a continuation of the work 
begun by them. 

According to David,’ the geology of the 
Antarctic Horst region is as follows: pre- 
Cambrian gneisses, schists, limestones, and 
graywackes compose the basement complex. 
This is overlain by a great series of nearly 


5 Byrd, R. E., op. cit., 347. 

® Wade, F. A. Petrologic and structural relations of the 
Edsel Ford Range, Marie Byrd Land, to other Antarctic 
mountains. Bull. Geol. Soc. America 48: 1387-1395, 1937. 

7 David, T.W.E. Antarctica and some of its problems. 
Geog. Jour. 43: 624-626, 1914. 
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flat-lying Paleozoic and early Mesozoic sand- 
stones, arkoses, and shales. Near the close of 
the Mesozoic this region was subjected to a 
period of block-faulting. The Antarctic Horst 
was formed at that time. A period of volcanic 
activity accompanied and followed these tectonic 
disturbances and is even continuing today. 
There is no evidence of Antarctandean folds in 
this region. The petrographic investigations of 
Prior,’ Stewart, and others have shown the 

®’ Prior, G. T. Report on the rock-specimens [etc.]. 
National Antarctic Exped. 1901-1904, Nat. Hist. 1, Geol.: 
101-140, 1907. 


*Stewart, Duncan, Jr. A contribution to Antarctic 
petrography. Jour. Geol. 42: 550, 1934. 


igneous intrusives to be of the acidic type, high 
in sodium and potassium, with the plagioclases 
exhibiting no zoning. From his investigations 
in 1934 the author !° concluded that the sequence 
of events in the Edsel Ford Mountains was as 
follows: ‘‘deposition of a great series of arkosic 
sandstones and shales on the pre-Cambrian base- 
ment rocks, close folding of this sedimentary se- 
ries accompanied and followed by deep-seated 
igneous intrusion of acidic magma, a long period 
of erosion, glaciation and the extrusion of olivine 
fourchites.”” The intrusives differ from those to 


the west and south in that the plagioclases 


10 Wade, F. A., op. cit., 1391-1392. 


Official photograph, U. S. Antarctic Service 


Fic, 1, The Alexandra Mountains, King Edward VII Land; looking southeastward along 
the northeast coast of the peninsula. 
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Fic. 2. 


Mount Helen Washington 


Mount Paterson 


exhibit well-developed zoning, a characteristic 
of the intrusives of Palmer Land which lie some 
1500 miles to the east. 

Schetelig " investigated and examined the 
rocks brought back by Prestrud from Scott’s 
Nunataks, and Stewart ” did likewise with those 
brought back by Gould and Wade from Mount 


Helen Washington. Both were of the opinion 
that the King Edward VII Land intrusives have 
close affinities with those of the Antarctic Horst. 
From his rather cursory examination of Mount 
Helen Washington the author was of the opinion 
that the intrusives exhibited there closely 
resembled the ones he had examined to the east 
in the Edsel Ford Mountains. 


1 Schetelig, J. Report on rock-specimens collected on 
Roald Amundsen’s South Pole expedition. Skrifter 
Vidensk.-Selsk. Kristiania 1915, Mat.-Naturv. Kl., no. 4: 
1-32, 1915. 

12 Stewart, Duncan, Jr., op. cit. 


Mount Franklin 
Mount Schlossbach 


Official photograph, U.S. Antarctic Service 


The southern group of the Rockefeller Mountains; looking southwestward. 


Mount Tennant 
Mount Gould 
Mount Breckenridge 
Mount Nilsen 


FIELD OPERATIONS 


On February 8, 1940, an exploratory flight was 
made over Edward VII Land, at which time the 
author was enabled to examine the region as a 
whole. Later the entire coast line of the pen- 
insula and the two mountain ranges were photo- 
graphed from the air by Charles Shirley, C.P., 
U.S.N., the official West Base photographer. 
The pictures thus obtained were of great assist- 
ance in laying plans for the field program. 

On November 25, 1940, the party, comprising 
two men and a single team of six dogs, left West 
Base for King Edward VII Land. Dr. Russell G. 
Frazier, expedition physician and surgeon, ac- 
companied the author. The plan was to proceed 
to the Rockefeller Mountains and there survey 
the peaks composing that group. With only 
seven weeks’ time available for this operation, it 
would not be possible for the party to extend its 
itinerary to include the Alexandra Mountains, if 
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dog-team transportation were relied upon alone. 
It was planned, therefore, that the Beechcraft 
plane should be flown to the Rockefellers during 
the time when the party was in that region, pick 
up the author and transport him to the heart of 
the Alexandras, where he could hastily survey 
those peaks in a few days’ time and then be re- 
turned to complete the work in the Rockefeller 
Mountains. Unfortunately, this phase of the 
program had to be abandoned because of unfore- 
seen circumstances, and the survey was confined 
entirely to the Rockefeller Mountains. 

The party arrived at the first peak, Mount 
Tennant, on December 10. During the next 18 
days 13 peaks were visited, examined, and 
surveyed. The triangulation network was estab- 
lished for us by R. G. Fitzsimmons and the 
seismic station party that was occupying Mount 
Franklin during the summer. 

The return trip to West Base was begun on 
December 30, and the party arrived there on 
January 7, 1941. 


Fic. 3. 


PHYSIOGRAPHY 


The exposed portion of the Rockefeller 
Mountains occupies an area approximately 20 
miles square. As compared with such Antarctic 
ranges as the Queen Maud or the Edsel Ford, 
they are not a particularly impressive sight. 
The black and pink peaks of the southern group 
(fig. 2) protrude through the ice sheet and ex- 
tend above the irregular ice surface for varying 
heights not exceeding several hundreds of feet. 
Their crests are elevated between 1500 and 2000 
feet above sea-level. Nine distinct mountains 
and several knolls and ridges compose this group. 

The northern group, composed of four separate 
mountains (fig. 3), is more deeply buried in the 
ice sheet. The central peak, Mount Margaret 


Wade, is the highest one in the Rockefellers, and 
on the whole peninsula it is second in height only 
to Mount La Gorce in the Alexandra Mountains. 

General observations from the air and a study 
of photographs of the peninsula indicate that the 
central portion of the peninsula was a center of 


Official photograph, U. S. Antarctic Service 


The northern group of the Rockefeller Mountains; looking northwestward. 


Mount Irene Frazier 
Mount Jackling 


Mount Margaret Wade 


Mount Shideler 
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ice accumulation during the early part of the 
glacial period, and that the thicker portion of the 
local sheet now united with the larger one to the 
south is located there. It appears to thin out 
somewhat in all directions away from the central 
portion. This explains why the high peaks of 
the northern group are less exposed than those 
of the more southerly group. 

In general, the portions of the mountains 
which protrude through the ice sheet are largely 
exposed (figs. 4, 9). Some of the horizontal or 


Photo by Wade 
Fic. 4. The granite crest of Mount Irene Frazier. 


gently sloping surfaces are covered with snow 


and ice, but many good outcrops are available 


for the geologist to study. The valleys between 
peaks, some of which are widely separated, are 
filled with glacier ice, and consequently inter- 
polation of structure between known points must 
often be placed in the category of vague specu- 
lation. 

Petrographically the peaks may be placed in 
two groups. The majority of the peaks are 
composed of acidic intrusives and a small central 
group of metamorphosed sediments. They can 
be easily differentiated in the field, since those 
of the first group always appear pink to red in 
color from a distance and those of the latter 
group dark gray to black. 


EROSIONAL FEATURES 


The present topographic features have resulted 
from ice and wind erosion. Insufficient data are 
available for a complete interpretation of the 
history of the region, but a few facts point to 
what must be certain truths. The extreme 
coarseness of the texture of the granitic rocks 
would indicate deep-seated intrusion, with a 
thick layer of insulating rock formations above. 
That these intrusives are exposed today is proof 


of a long, extensive period of erosion during 
which the capping material has been removed. 
Apparently, the igneous rocks were able to resist 
the erosive processes more than the overlying 
metamorphosed sediments, and today the ma- 
jority of the erosion remnants are of the former 
material. It is believed that this stripping was 
largely accomplished prior to the present glacial 
period, but that the present forms are due to the 
glacial erosion that followed. 

Wind and frost action are playing the leading 
roles in the erosion that is taking place in the 
exposed outcroppings and thinly covered rocks 
today. During the summer months melt-water 
can be observed on those rocks subjected to 
direct sunlight. The water apparently works 
into all cracks and joint planes, particularly 
along the faces of the large feldspar crystals of 
the intrusives. The wedging action that follows 
when the water freezes causes disintegration, and 
beds of unconsolidated rock debris up to 6 inches 
thick are collected in flat protected places (fig. 5). 
The greater part of this debris is composed of 
large, uneroded feldspar crystals. The finer 
material has probably been transported away by 
the winds. This is substantiated by the fact 
that one may observe large quantities of fine 
rock material on the snow surface at varying 
distances from the exposed peaks (fig. 6), some- 
times as much as a mile away from the nearest 
exposure. 

Frost action on the metamorphosed sediments 
generally results in the slopes being covered with 
a layer of angular blocks of varying sizes, 


Photo by Wade 


Fic. 5. The pitted surface of Mount Shideler. Beds of 
loose feldspar crystals several inches thick have 
accumulated on the floors of erosion troughs such as 
this one. 
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generally depending on the spacing of the joints 
in the affected rock (fig. 7). 


Photo by Wade 


Fic. 6. Rock particles that have been wind-borne to 
their resting place on the snow surface some distance 
from Mount Margaret Wade. 


Photo by Wade 


Fic. 7. Frost action has caused the disintegration of the 
exposed rock at Mount Franklin into angular blocks 
of many sizes. 


Photo by Wade 


Fic. 8. Differential erosion of the coarse granite has 
resulted in a rough, pitted surface. Mount Margaret 
Wade. 


The igneous rocks seem to have been more 
susceptible to wind erosion than have the 
metamorphics. Most of the exposures of the 
former exhibit a pitted surface (figs. 5, 8), and 
the slopes and vertical surfaces from a distance 
appear to be “ pock-marked”’ (fig. 9). On closer 
inspection the pock-marks take on the appear- 
ance of potholes (figs. 10, 11, 12). They are 
generally well rounded and may vary in size from 
minute ones to some 4 to 5 feet in diamater. It 
is believed that these are formed by the eddying 
action of the wind which makes use of the ice 
crystals and rock fragments that it carries as 
abrasives. In many of these holes small collec- 
tions of rock fragments and rock flour were noted. 


STRUCTURAL INTERPRETATIONS 


The greater part of the exposed portions of 
the Rockefeller Mountains is highly acidic, in- 
trusive, igneous rock which appears to surround 
a remnant of the pre-existing metamorphosed 
sediments. The latter are exposed at Mount 
Nilsen, Mount Breckenridge, West Nilsen Ridge, 
and Mount Franklin. 

The sediments were apparently folded and 
metamorphosed prior to the intrusion of the 
granitic batholith. The original metamorphism 
was probably of the dynamothermal type pro- 
duced during orogenic deformation that resulted 
in fold mountains. Metamorphism was con- 
tinued and intensified through contact when 
the batholith was intruded. 

The fold axes have a northwest-southeast 
trend and the beds in the area examined dip from 
25° to 45° to the southwest. The granite-schist 
contact was observed in one place only, Mount 
Franklin. There the intrusive discordantly cuts 
the sediments. The contact is sharply defined, 
and there has been little apparent assimilation 
of the intruded rock by the granite. Although 
no other contacts were observed, it would 
appear from the flow-structure pattern, where 
apparent in the granite, that for the most part 
the intrusive followed the pre-existing structural 
trends (map 1). 

The structural features of the Edsel Ford 
Mountains to the east are very similar to those 
of the Rockefeller Mountains. In the former 
“the general structural pattern is a series of 
northwest-trending, broad, open folds.” 


18 Passel, C. F. Sedimentary rocks of the Southern Edsel 
Ford Ranges, Marie Byrd Land, Antarctica. Proc. Amer. 
Philos. Soc. 89: 123-131, 1945. 
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Photo by Wade 


Mount Margaret Wade. The “ pock-marked” 
surface is a result of wind erosion. 


Fic. 9. 


Photo by Wade 


Wind-formed potholes on the nearly vertical 
face of Mount Margaret Wade. 


Fic. 10. 


Photo by Wade 


Large, deep, well-rounded, wind-formed potholes. 
Mount Shideler. 


Fic. 11. 


PETROGRAPHY 


The principal intrusive of the Rockefeller 
Mountains is, for the most part, a leucogranitic 
type rock. Except for a few dikes and segrega- 
tions, the northern group is entirely composed of 


this rock. With the same exceptions this also 
may be said for Mount Paterson, Mount Helen 
Washington, Mount Gould, Mount Schlossbach, 
Mount Tennant, Mount Navy, and Mount 
Franklin (in part) in the southern group. The 
texture of the rock varies considerably from 
place to place. It is medium-grained near the 
contact at Mount Franklin, fairly coarse at the 
other peaks in the southern group, and extremely 
coarse-grained in the northern group of peaks. 
In places, particularly at Mount Margaret 
Wade, it has the appearance of a porphyry with 
lath-shaped phenocrysts of perthite up to 4 
inches in length enclosed in a coarse-grained 
ground mass (fig. 13). 

In places there are finer, uniformly grained 
portions of the granite which are as much as 
20 feet in diameter. The composition of the 
finer portion is similar to that of the more 
coarse-grained except that it lacks, or contains 
only a small percentage of, perthite, and the 
percentages of the other constituent feldspars 
are increased accordingly. The transition from 


coarse to fine is zonal and is accomplished in a 
zone never more than 4 inches wide (fig. 14). 
This transition is not always complete, as single, 
well-scattered crystals of perthite up to 2 inches 
long may be observed occasionally throughout 


the finer-grained granite (fig. 15). 

The quartz is of the smoky variety—bleached 
on the weathered surface, but black beneath the 
weathered zone. At first glance a fresh speci- 
men of the rock has the appearance of a diorite 
because of the natural tendency to identify 
wrongly the black quartz as one of the biopyra- 
bole family. 

The feldspars present in the intrusive are 
orthoclase, perthite, microcline, and plagioclase. 
In general the percentage of potash feldspars 
exceeds that of the plagioclase. The latter are 
generally zoned; the central portion has the 
composition of oligoclase to andesine, and the 
outer borders are albite. The composition of 
the unzoned plagioclases is that of oligoclase. 
One specimen of the main rock of Mount 
Schlossbach, taken from a border zone adjacent 
to a quartz-filled fissure, was more basic and the 
plagioclase was found to be labradorite. The 
larger feldspar crystals are perthite. 

The micas.—Primary muscovite is present in 
the granite from the specimens collected in the 
northern group of peaks, but does not show up 
in the thin sections of the specimens from the 
southern group. Sericite is present in all thin 
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Fic. 12. The wind-eroded surface of Mount Shideler. 
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Fic. 13. The 
Mount 


granite is extremely coarse-grained at 
Wade. Some of the perthite 


crystals are over 3 inches long. 
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Fic. 14. The zonal contact between the coarse-grained 
and the porphyritic phases of the granite at Mount 
Jackling. 
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Photo by Frazier 








Photo by Wade 


Fic. 15. The porphyritic phase of the granite at Mount 
Jackling. The few large phenocrysts are perthite. 


sections. Biotite is the only essential mafic 
constituent present. The amount varies from 
a fraction of 1 per cent to 10 per cent. Zircon 
crystals with their pleochroic halos are always 
present in the biotite. The biotite is generally 
altered in part to chlorite. 

Accessory constituents.—Fluorite is a common 
accessory in the southern part of the batholith 
and absent in the northern part. Magnetite, 
apatite, and zircon are generally present. 

It is noteworthy that no intermediate, basic, 
or ultrabasic igneous rocks have been noted in 
this region. Even the few dikes which are 
present are acidic in composition. The afore- 
mentioned specimen from Mount Schlossbach 
is the only exception. Its approximate compo- 
sition is: hornblende, 45 per cent; biotite, 21 
per cent; labradorite, 23 per cent; and quartz, 
8 per cent. 

The dike rocks are in general similar in 
mineralogical composition to the main intrusive. 
The oligoclase content is greater and the other 
leuco constituents are‘less common. 

Mount Breckenridge is located near the ig- 
neous contact. It is for the most part com- 
posed of schists which have been intruded by 
dikes of leucogranitic rock similar in composition 
to the main intrusive and by pegmatite dikes 
(fig. 16). The pegmatite is composed principally 
of perthite and quartz. Scattered irregularly 
through the dikes are well-formed garnets (an- 
dradite) which vary in size from microscopic to 
a few 4 inch in diameter. 

The mineralogical compositions of the igneous 
rocks are listed in table 1. Only rough quanti- 
tative mineralogical analyses have been made of 
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Photo by Frasier 


‘Fic. 16. Mount Breckenridge. The dark schists which principally compose this mountain have been intruded by a 
series of garnetiferous pegmatite dikes. The latter are easily discerned in the illustration. 


these rocks, and the classification names assigned The igneous rocks of the Rockefeller Moun- 
to them are only tentative. The results of a_ tains are high in sodium and potassium content 
more thorough petrographic analysis appears and extremely low in mafic constituents. 

elsewhere in this publication in a report by Dr. A thorough study of the metamorphic rocks 
Duncan Stewart, Jr. has not yet been attempted. They are for the 


TABLE 1 


MINERALOGICAL COMPOSITION OF THE IGNEOUS ROCKS FROM THE ROCKEFELLER MOUNTAINS 
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286. Monzotonalite. Mount Navy. 355. Leucoadamellite. Mount Helen Washington. 

292. Monzogranite. Mount Navy. 24. Monzogranite. Mount Helen Washington. 

224. Leucogranodiorite. Mount Jackling. 236. Adamellite. Mount Tennant. 

233: Orthoalaskite. Mount Jackling. 325. Quartz granodiorite. Mount Schlossbach. 

301. | Leucomonzogranite. Mount Irene Frazier. 326. | Leucogranodiorite. Mount Schlossbach. 

296. Leucoadamellite. Mount Tennant. 201. Orthoalaskite. Mount Schlossbach. 

288. | Leucomonzotonalite. Mount Gould. 205A. Mela-quartz-gabbro. Mount Schlossbach. 

291. Leucogranodiorite. Mount Gould. 21. Leucomonzotonalite. Dike rock. Mount Helen 

373. Monzogranite. Mount Paterson. Washington. 

219. Leuco-sodaclase adamellite. Mount Margaret 22. Leucogranodiorite. Dike rock. Mount Helen 
Wade. Washington. 

218A. Alaskite. Mount Shideler. . Leucogranite. Dike rock. Mount Franklin. 

218B. Leucogranite. Mount Shideler. i Alaskite. Dike rock. Mount Franklin. 

206. Monzogranite. Mount Schlossbach. . Leucomonzotonalite. Dike rock. Mount 

Franklin. 
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most part gneisses, schists, and phyllites. 
Quartz, feldspar, and biotite are the dominant 
minerals. The results of a preliminary exami- 
nation of the thin sections appear to indicate 
that these rocks are closely related to the meta- 
morphosed sediments of the Edsel Ford Moun- 
tains in Marie Byrd Land. From his study 
of the thin sections of the specimens of the 
latter rocks, Stewart “ concludes: ‘‘The meta- 
morphic types from the Edsel Ford Ranges are 
quite different mineralogically from the meta- 
morphic basement rocks of certain other parts 
of the Continent and must be considered of an 
age other than pre-Cambrian.’”’ As yet no 
fossils have been found in any of the rocks from 
either Marie Byrd Land or King Edward VII 
Land, and the geological age of none of the 
formations has been fixed. 

From Schetelig’s ® descriptions of the rocks 
collected at Scott’s Nunataks, it would appear 
that the granites are definitely related to those 
of the Rockefeller Mountains. The similarity 


between the rocks of the Edsel Ford Mountains 


4 Stewart, Duncan, Jr. Notes on some Marie Byrd 
Land rocks. Am. Mineralogist 26: 47, 1941. 

6 Schetelig, J. Report on rock-specimens collected on 
Roald Amundsen’s South Pole expedition. Skrifter 
Vidensk,-Selsk. Kristiania 1915, Mat.-Naturv. Kl., no. 4: 
1-32, 1915. 


and those of King Edward VII Land is also very 
striking. The author has visited and studied 
both localities and believes them to be closely 
related. 


CONCLUSIONS 


The Rockefeller Mountains are composed of 
a series of metamorphosed sediments which have 
been intruded by a granitic batholith. The 
intrusive is high in sodium and potassium and 
low in mafic constituents. The plagioclase 
feldspars generally show a well-developed zoning. 
Structurally and petrographically they resemble 
the Edsel Ford Mountains and could well be 
considered part of the same geological unit. No 
true relationship is indicated between this unit 
and any of the previously described Antarctic 
localities. The slowly accumulating data seem 
to indicate more and more that King Edward 
VII Land and Marie Byrd Land together should 
be considered a separate petrographic and 
structural province. 
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INTRODUCTION 


LOCATION AND SIZE OF AREA 


THE region under consideration in this report 
is located in the northwestern portion of Marie 
Byrd Land between latitudes 76° 20’ and 78° S. 
and longitudes 141° 30’ and 148° 30’ W., in- 
cluding a total area of approximately 7,000 
square statute miles. The position of the region 
with respect to the rest of the Antarctic Conti- 
nent is shown in map 1. 

The entire coast of Marie Byrd Land, ex- 
tending northeast from the peninsula of King 
Edward VII Land for more than 1,000 miles, is 
composed of mountainous terrain. That portion 
of this strip of mountainous coastland which 
comprises the Southern Edsel Ford Ranges 
extends from Mount Grace McKinley on the 
south to the Bernt Balchen Glacier on the north 
(map 2). It is one of the few portions of the 
Antarctic Continent where rock outcrops are 
sufficiently abundant to make geological mapping 
practicable. 

The scattered ranges to the northeast of the 
Balchen Glacier have been called the Northern 
Edsel Ford Ranges. Their existence was for the 
most part unknown previous to the work of the 
recent expedition, and they have not as yet been 
visited by geological parties. 

The names assigned to physiographic features, 
areas, and localities have accumulated during 
the course of several expeditions. The history 
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Sketch map of King Edward VII Land and northwestern portion of Marie Byrd Land, 


showing routes of trail parties. 


Little America (West Base) 
Rockefeller Mountains 
Alexandra Mountains 
Mount Grace McKinley 
Garland Hershey Ridge 

. Haines Range 

. Mount Donald Woodward 
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of this nomenclature is too cumbersome to be 
included here. All such names mentioned in 
this report are those proposed by the U. S. 
Antarctic Service. 


HISTORY OF PREVIOUS WORK 


It is impossible to include here a general 
discussion of the numerous contributions to the 


geology of Antarctica. Of the more than 35 
expeditions to the Antarctic regions since 1800, 
nearly all have brought back information bearing 
on the geology of the continent and its sur- 
rounding islands. For the details of these 
investigations the reader is referred to the 


. Mount Rea 
9. Mount Saunders 
10. Low Hills 
11. Chester Mountains 
12. Raymond Fosdick Mountains 
13. Bernt Balchen Glacier 
14. Mount Harold June 


scientific reports of the various expeditions and 
to general texts on Antarctic exploration (Hayes, 
1928; Taylor, 1930). 

Much of the area with which this report deals 
had never before been visited. Previous knowl- 
edge of the geology of Marie Byrd Land wasa result 
of the work carried on by the Byrd Expeditions. 

In December, 1929, Admiral Byrd flew over 
the then unknown territory east of King Edward 
VII Land and discovered and named the Edsel 
Ford Ranges. The new territory was called 
Marie Byrd Land. 

During the Antarctic summer of 1934-35, a 
trail party of the Second Byrd Expedition was 
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sent out to investigate the mountains which 
Byrd had charted from the air on his first 
expedition in 1929. The party was headed by 
Paul A. Siple, biologist and geographer, and 
included F. Alton Wade as geologist. 

Wade and Siple, together with two com- 
panions, first visited the Rockefeller Mountains 
of King Edward VII Land, these also having 
been discovered and named by Byrd in 1929, 
They then proceeded east to Mount Grace 
McKinley, the southernmost peak of the Edsel 
Ford Ranges. Garland Hershey Ridge, the 
Haines Range, and Mount Donald Woodward 
were visited subsequently as the party continued 
northeastward. At Mount Rea the party di- 
vided. Siple and one companion proceeded 
north to the Raymond Fosdick Range, visiting 
en route the Chester Mountains and other 
scattered peaks along their traverse. Wade and 
his companion studied the geology of the Rea- 
Cooper Range and of Mount Saunders. 

The work of Wade and Siple afforded a 
preliminary cross-section of the Edsel Ford 
Ranges which served as an invaluable aid to the 
recent investigators. Several hundred rock and 
mineral specimens were collected, from which 
over 100 thin sections were made. This ma- 
terial, together with notes, maps, and publica- 
tions (Wade, 1937a; 1937b), was placed at the 
disposal of the writer and his colleagues. 

A number of Wade’s specimens and thin 
sections were subsequently studied in minute 
detail by Dr. Duncan Stewart, Jr., who published 
his petrographical analyses, together with notes 
and comments on the intrusive and metamorphic 
rocks of the Edsel Ford Ranges (Stewart, 1941; 
1942). 

Specimens of olivine fourchite collected by 
Siple at Peak 116 of the Fosdick Range were 
studied in great detail by Dr. C. N. Fenner, 
who drew some interesting conclusions as to the 
origin and nature of the volcanic activity with 
which these rocks were associated (Fenner, 1938). 


NATURE AND SCOPE OF THE 
INVESTIGATION 


Field Work 


Any sort of field work on the Antarctic 
Continent, particularly at latitudes above 75° S., 
presents more than ordinary difficulties. A 
primary problem of all Antarctic expeditions is 
to find a suitable location for a base camp as 
close as possible to the scene of field operations. 


PRESENT 


The base from which this investigation was 
conducted was located at Little America on the 
Bay of Whales, 300 knots west of the area 
investigated. As yet this is the only point 
known from which work in the Marie Byrd 
Land sector can be carried on without seriously 
jeopardizing the safety of the expedition. 

Closely associated with the location of bases is 
the problem of transportation. No satisfactory 
substitute for dog teams has as yet been devised 
for use in mountainous Antarctic terrain. The 
usual unit consists of one dog team for each two 
men in the field. The hauling capacity cf a 
9-dog team is limited to approximately 10 
pounds per dog, or a total of 900 pounds. Food 
for 2 men and 9 dogs for 1 month amounts to 
roughly 550 pounds. Fuel and camping equip- 
ment necessary for maintaining an existence on 
the trail make up the additional 350 pounds. 
Thus, the length of time during which a party 
of 2 men and 9 dogs, or any multiple thereof, 
can be away from a supply base with any margin 
of safety is approximately 30 days. During this 
time, with good luck, they should be able to 
travel an average of 10 knots a day, or a total of 
300 knots. This means that they cannot safely 
proceed more than 150 knots from their supply 
base. Longer trips, therefore, must be sup- 
ported by other units of transportation, such as 
planes and tractors, capable of depositing sup- 
plies at intervals along the routes of the trail 
parties. Failure of these units means abandon- 
ment of the trail program. 

A further problem is the brevity of the 
Antarctic summer season, which lasts from the 
end of October to the middle of February. 
Prior to November 1, the temperature seldom 
rises to zero F. and is frequently 20° to 40° 
below, making travel and investigation ex- 
tremely difficult. By late February violent 
blizzards and reduced daylight create equally 
unpleasant conditions. Thus, the season avail- 
able for work in the field in the latitude of the 
Edsel Ford Ranges is only a little more than 3 
months long. To make any extended journey 
by dog team and return in time to evacuate the 
base camp in the same season further restricts 
the time that can be spent on actual field work. 
At all times the weather is subject to sudden and 
violent changes, and a number of precious days 
are lost because of wind and snow. 

Further handicaps to travel in mountainous 
Antarctic terrain are the ever-present crevasses. 
Wide detours are often necessary if treacherous 
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areas are to be avoided. In many cases outcrops 
which would otherwise be easy to reach are 
inaccessible because of “‘bad ice”’ around them. 

Because of these difficulties, the status of field 
work in the Antarctic remains precarious. The 
results of such work are, therefore, necessarily 
meager when compared with results acquired by 
expenditure of an equal amount of time and 
effort in temperate latitudes with access to the 
benefits of civilization. This, no doubt, helps 
to explain why, in spite of the many expeditions 
which have reached the continent, so little is 
known about the geology, even in areas where 
exposures are relatively good. 

Early in February, 1940, soon after West Base 
headquarters were set up at Little America, 
an extended plane flight, under the direction of 
Dr. Siple, was made from the base to the Edsel 
Ford region. The writer was privileged to be a 
member of the flight party and to observe from 
the air the region in which geological work was 
to be done during the following season. 

A great many aerial photographs were taken 
of the Edsel Ford Ranges. During the winter 
months the cartographic staff, consisting of 
L. M. Berlin and R. A. Butler, under Siple’s 
direction, constructed a reasonably accurate base 
map of the entire southern Edsel Ford Ranges, 
using the ground control established by Wade 
and Siple in 1934. 

A Geological Party was organized during the 
winter night of 1940, and all possible advance 
preparations were made for the party’s trek to 
the Edsel Ford region. The party consisted of 
L. A. Warner, geologist and leader, C. F. Passel, 
geologist and radio operator, H. P. Gilmour, 
recorder, and Loran Wells, photographer. They 
were commissioned to map the geological struc- 
tures and formations of as large a portion of the 
southern Edsel Ford Ranges as possible, to 
investigate the natural resources of the area, and 
to establish additional ground control by tri- 
angulation and solar observations for the purpose 
of improving the base map. 

The party left West Base on October 17, 1940, 
and returned on January 7, 1941, being absent 
from the base for 82 days and traveling a 
distance of 691 nautical miles. The route is 
shown in map 2. -Two teams of 9 dogs each 
were used as transportation units. They were 
supported by both plane and tractor, which 
deposited large caches of food and fuel at 
intervals of 100 miles along the route between 
the base camp and Mount Rea. 


Nearly two-thirds of the time spent on the 
trail was consumed in travel and in making and 
breaking camp, leaving less than a month for 
actual geological work. A few days were spent 
in establishing necessary ground control for 
subsequent aerial mapping. 

Over 50 peaks were visited, and npprinbnatity 
300 rock specimens were collected. The struc- 
tures and formations were mapped in as much 
detail as the limited time allowed. The field 
work as a whole, however, represents the rough 
sort of reconnaissance which is particularly 
adapted to this type of terrain. 

While the Geological Party was working in the 
central portion of the southern Edsel Ford 
Ranges, a party of biologists carried on recon- 
naissance and exploratory work in the Raymond 
Fosdick Range 20 miles farther north. Their 
route is shown in map 2. This party was com- 
posed of Jack E. Perkins, biologist and leader, 
Dr. E. E. Lockhart, biologist and radioman, and 
their two companions, H. H. Richardson and 
Louis Colombo. The geological work done by 
this party was carried on largely by Richardson. 
He brought back over 150 rock specimens repre- 
senting 25 different localities, besides a great 
many photographs, notes, and sketches. This 
valuable material was placed at the disposal of 
the writer and has been incorporated into this 
report. 


Laboratory Work 


A laboratory investigation of the igneous and 
metamorphic specimens was begun by the writer 
in May, soon after the expedition returned to the 


United States. A total of 150 thin sections 
have been studied. The indices and other 
optical properties of the feldspars and mafic 
minerals were determined by the use of oil im- 
mersion methods. The index oils were checked 
on an Abbey refractometer every few hours when 
they were in use. The compositions of the 
plagioclases were determined on the universal 
stage. Twenty-five Rosiwal analyses have been 
made of representative thin sections of all of the 
intrusive rock types. 

A similar investigation of the sedimentary 
rocks was carried on at the same time by Mr. 
C. F. Passel at Indiana University. It had been 
previously agreed that Passel would deal specifi- 
cally with the sedimentology and stratigraphy of 
the area investigated, while the writer would deal 
with the structure and petrography. 

The geological map (map 3) has been super- 
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imposed on the revised and much improved 
base constructed by Dr. Paul A. Siple and his 
assistants, Mr. Joseph Hirsch and Miss Mary 
Dean, of the U. S. Antarctic Service research 
office, Miami University, Oxford, Ohio. In 
compiling the geological map, an attempt has 
been made to bring together all of the available 
information. Accordingly, the data gathered 
by Wade and Siple in 1934 and those supplied 
by the Biological Party which visited the Fosdick 
Range in 1940 were combined with observations 
made by Passel and the writer. A great deal of 
information was obtained from the aerial photo- 
graphs. An attempt has been made to differ- 
entiate clearly between fact and interpretation. 
To this end, only those areas where a given 
formation outcrops or may be reasonably inferred 
to exist are shown as such on the map. The 
blank areas are ice cover. 

From the photographs, notes, and specimens 
obtained from the Fosdick Range, it is certain 
that the geology there is much more complicated 
than that shown on the map. But since no one 
trained to do geological mapping has ever 
visited the range, nothing more than a very 
general picture is as yet available. 


Physiography and Glaciology 


A panoramic view of the ranges is given in 


figure 1. Generally speaking, the rock outcrops 
occur in northwest-trending mountain chains. 
Parallel to these are four major streams of 
glacial ice which are fed by the continental ice 
capping the Rockefeller Plateau to the east. 
They flow northwestward into the sea. From 
south to north, these glaciers are the Ames, the 
Warpasgiljo, the Crevassed Valley, and the 
Bernt Balchen. They and their tributaries are 
clearly in large measure responsible for having 
sculptured the present mountain ranges. It will 
be pointed out later that the major rock struc- 
tures also trend northwest. This suggests that 
the structure has to some extent controlled the 
direction of glacial erosion. 

The total relief in the area is nearly 5,000 feet. 
This is approximately the altitude of the western 
margin of the Rockefeller Plateau, which runs 
roughly N.-S., parallel to the coast, at a distance 
of 50 to 60 miles inland. Here only a few 
scattered nunataks protrude through the ice to 
heights of a few hundred feet. The plateau 
surface rises gently inland, and a few miles 
farther east there are no outcrops at all. From 
the edge of the plateau westward toward the sea, 


A. WARNER 


the peaks are progressively lower. Few of those 
which border the coastline are more than 3,000 
feet high. The local relief, however, is much 
greater than that farther inland, since along the 
coast the ice surface is nearly at sea-level. 

The general form of the coastal peaks presents 
a marked contrast to that of those along the 
border of the plateau. A typical coastal peak is 
Peak 22 of the Rea-Cooper Range (fig. 4). Its 
rugged outline is obviously not the immediate 
result of glacial action. Its sides are nearly 
vertical, following the direction of joint systems 
in the granite of which it is composed. It rises 
to nearly 3,000 feet above the surface of the 
snow. Clearly this outcrop has been free from 
ice for a relatively long period of time and its 
present outline is largely due to mechanical 
weathering. 

A typical inland peak is Peak 310, which is 
located 30 miles ENE. of Peak 22 (fig. 2). Its 
height above the snow is only a few hundred 
feet, and its surface is bossed and rounded. 
Clearly, the exposure is relatively recent, since 
the original glaciated surface has been little 
altered by mechanical weathering. 

Even the coastal peaks were once nearly, if not 
totally, buried beneath a formerly much more 
extensive ice cap. All of these peaks which were 
investigated show glacial striae several hundred 
feet above the present snow line,.as high as 
investigation was pursued. 

If the rate of mechanical weathering in this 
region were accurately known, it would be 
possible to tell at what rate the ice cap has 
retreated inland. All that can be said is that 
the weathering, which doubtless consists of 
freezing and thawing, must be very slow, in view 
of the fact that there are few days a year when 
the rocks ever get warm enough to melt adjacent 
snow. 

Since time was not available for a detailed 
study of the various glaciers, nothing is known 
as to their rates of movement, and little of their 
structure and mechanics. All of them are badly 
broken. Huge crescent-shaped crevasses extend 
across the glaciers and are convex toward the 
direction of ice movement. Smaller longitudinal 
crevasses are found near the snow line along the 
larger northwest-trending ranges. During bliz- 
zards, drift snow collects in the lee of the ranges. 
This is subsequently transformed into glacial ice 
which moves down into the main ice streams. 
The tension thus created opens up cracks which 
run parallel to the ranges. Many of these are 





*‘punosSIIO} UI JVINe]H sou ‘sesuey ps0y [espa Us9YyNOG jo MAIA StwWIeJOURG *] “Oly 


“oj04E *S “VS “A 1940 





“4oyynn ayy Kq asvg styy uo sojoyd IV 
*SO]TU [BIIAVS JO} aBuvI ay} S[ajjesed asseAai-) ‘UOISOJa [eIDe]|3}S0d 0} anp Aydeis0do} 
‘aBuey jesseg jo adojs you ‘asseAaid , aseddiysg,, “¢ “Oly pessny ‘yeed jeysevoo v ‘vay juno ‘7Z yeag SF “DIY 


‘ 


ARNER 


‘og X ‘sjooru passo1>y ‘UOISOJD [BIDR]|3 02 anp AydesZ0do0} 
‘I0Z APA JO apis ysom ‘ayueIZOONI] Ul ayyyedyuy ‘“¢ ‘DIY papunoy ‘yead puejurue ‘gt¢ yeeq ‘7 ‘DIY 


> 
-_ 
< 
fx) 
O 
Z, 
x) 
4 
= 
< 
—] 











8 to 10 feet wide and extend for miles. A typical 
crevasse of this type is shown in figure 5. 

Most of the ice represents drainage from the 
Rockefeller Plateau. This ice falls nearly 5,000 
feet within a litthe more than 50 knots, and 
therefore its gradient is a little over 14 per cent. 


General Geology 


The oldest rocks in the area are metamor- 
phosed sediments which consist of a remarkably 
uniform series of dark shales and sandstones. 
The total thickness of these sediments is probably 
in excess of 15,000 feet. Since no fossils were 
found, the age of the series is not known and 
very little can be iriferred as to their environment 
at the time of deposition. Their mineralogy 
and textures suggest that they are near shore, 
marine, or lagunal deposits in which, for some 
reason, life was absent or was not preserved. 

The sediments are folded into broad anticlines 
and synclines, the axes of which trend northwest 
and plunge 30° to 40° in that direction. Sedi- 
mentary outcrops are too few to give an adequate 
picture of the details of the folding. However, 
in the area immediately east of Mount Saunders 
a large synclinorium was mapped in sufficient 
detail to furnish a clue as to what the regional 
structure of the sediments must be like. 

The folded sediments were intruded by a 
granitic batholith and its differentiates. All 
observed contacts between granite and sediments 
are sharp and concordant. Intrusion was prob- 
ably effected before folding was completed, since 
there is distinct conformity between the major 
structural trends of both granite and sediments. 
The planar structure in the granite, though 
imperfectly known, shows a tendency to be 
parallel to the fold axes in the sediments. Cross 
joints are prominent in the sediments, and a 
parallel system is equally prominent in the 
granite. Major faulting has occurred along 
these joint systems in both rocks. There is a 
close relationship between the structural pattern 
of the sediments and the distribution of the 
plutonic rock types. The more basic plutonic 
types occur where the sedimentary structure is 
synclinal, whereas the leuco varieties have an 
affinity for anticlinal structures. 

The plutonic rock types are mainly granodi- 
orite, quartz monzonite, and granite. Both the 
plutonic rocks and the sediments are transected 
by several systems of dikes. These are composed 
mainly of aplite and diabase. Representatives 
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of intermediate varieties are extremely rare. 
The diabase dikes are clearly later than the 
aplites. There is a notable paucity of pegmati- 
zation, most of what would normally have been 
pegmatitic liquor having been resolved into 
aplite. Likewise, there is an absence of sulfide 
mineralization. Only a few veins were found, 
and these contained little but barren quartz 
and carbonate. 

Much later than the intrusive igneous se- 
quence, volcanic activity occurred along the axis 
of the Raymond Fosdick Range. Basaltic flows, 
together with cinder cones and small craters, are 
exposed along the eastern half of the range. A 
volcanic pipe of olivine basalt was found by 
Richardson on the southeastern face of Mount 
Marujupu. Since no traces or remnants of lava 
are found outside the Fosdick Mountains, the 
extent of the flows must have been small. 
Consequently, they must be of relatively recent 
origin, or they would have been obliterated. 


PETROGRAPHY OF THE IGNEOUS AND 
METAMORPHIC ROCKS 


PLUTONIC ROCKS 


The plutonic rocks include granodiorite and 
granite together with intermediate types of 
monzonitic composition. Leuco representatives 
of all of these types occur as late members of the 
igneous sequence. 

The fact that hornblende and muscovite are 
incompatible in this region provides a basis for 
dividing the rocks into two facies. This state- 
ment must be qualified by saying that the writer 
did not find any instance in which the two 
minerals coexist as primary constituents. Min- 
ute flakes of muscovite are found in some 
specimens containing hornblende, but since 
these are nearly always associated with plagio- 
clase, it is the writer’s opinion that they are 
secondary. 


Mineralogy 


Quartz.—The most significant property of the 
quartz in the plutonic rocks of this area is that 
it is dark. Nearly all of it has a smoky appear- 
ance in fresh samples. The degree of darkness 
varies from nearly black to faintly cloudy. On 
weathered surfaces smoky quartz is seldom 
found. The supposition is that exposure to 
sunlight and the elements destroys this property 
in the mineral. The degree of cloudiness may 
thus be a function of the degree of weathering. 
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Crystal boundaries are seldom seen on the 
quartz. Occasional euhedral grains are found 
as inclusions in plagioclase and perthite. These 
are taken to be representatives of the first 
quartz grains to crystallize. They are always 
small (less than 0.1 mm. in diameter). Later 
anhedral grains with diameters of more than 
1 cm. are sometimes found. 

Minute fractures, which evidently developed 
after consolidation of the rocks, cut across all 
minerals and are filled with late quartz. Myrme- 
kitic intergrowths of quartz and feldspar are 
common, particularly along the borders of 
plagioclase grains. These phenomena probably 
represent the end phases of quartz crystallization. 

Potash Feldspar.—The potash feldspar of these 
rocks consists of three types, orthoclase, micro- 
cline, and microperthite. The last is composed 
of perthitic intergrowths of plagioclase with the 
other two. Some of these intergrowths are more 
properly antiperthite, but in order to simplify 
the discussion, they are included here rather 
than with the plagioclases. 

Non-perthitic orthoclase is not common in 
this region, except at the west end of the Ray- 
mond Fosdick Range. Here, at a number of 
localities, orthoclase accounts for all of the 
potash feldspar. It forms euhedral and sub- 
hedral crystals. Elsewhere it was seldom found 
except in minor amounts associated with 
microperthite. 

Non-perthitic microcline is even more rare 
than orthoclase. It was not found except asso- 
ciated with either orthoclase or microperthite. 
Furthermore, it shows a decided affinity for those 
rocks which belong to the muscovite facies. 

Microperthite is by far the most abundant 
potash feldspar. It is rarely absent in any of the 
plutonic rock types. The usual occurrence is 
that of anhedra filling interstices between earlier 
minerals. In many of the muscovite-bearing 
rocks, however, there are euhedral phenocrysts 
of microperthite an inch or more long. 

Both perthitic and antiperthitic intergrowths 
are found. A typical occurrence of antiperthite 
(fig. 3) is in a small schlieren-like body of leuco- 
granite on the west side of Peak 201. The 
rock is composed almost entirely of quartz and 
antiperthite. Irregular grains of plagioclase are 
partially intergrown with potash feldspar. The 
average composition of the plagioclase, deter- 
mined on the universal stage and by the use of 
index liquids, is Ab 75. The potash feldspar 
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was determined to be orthoclase on the basis of 
its indices and extinction angles. 

A typical microperthite (fig. 6) is that found 
at Peak 147 in the Raymond Fosdick Range. 
Here also the rock is a leucogranite. Blebs of 
plagioclase are intergrown with orthoclase. The 
blebs are oriented in two directions which form 
an angle of approximately 50°. Occasionally, 
faint twinning appears in the plagioclase blebs. 
They are too small, however, to permit accurate 
determination of their composition. 

Intermediate between typical perthite and 
typical antiperthite are perthitic intergrowths 
in which relatively large irregular patches of 
plagioclase occur in addition to the usual blebs 
(fig. 7). These are fairly common in certain of 
the mica granodiorites. The plagioclase in these 
patches is in optical continuity with that in the 
blebs. In a number of instances the larger 
patches show prominent albite twinning. 

Maximum extinction angles in the zone 
perpendicular to 010 were measured with the 
universal stage and were found to vary between 
14° and 17°. Inasmuch as all attempts to 
segregate some of these fragments for index 
determination failed, the sign of the angles is 
not known. Consequently, the plagioclase may 
be either albite or andesine. If it were albite, 
the indices of the plagioclase would be only 
slightly higher than those of orthoclase. In 
most intergrowths of this type, however, the 
relief between the two minerals is distinct and 
suggests that the composition is that of andesine. 
The optical continuity of the plagioclase in the 
irregular patches with that in the blebs suggests, 
furthermore, that the blebs have a similar 
composition. However, if this conclusion is car- 
ried over into the more acid members of the 
intrusive sequence, it is less tenable. Some of 
these rocks contain albite which is euhedral to 
microperthite. It is difficult to understand how 
the plagioclase in the blebs of this perthite 
could be more calcic than plagioclase which 
crystallized previous to the perthite. It seems 
more logical that the composition of the plagio- 
clase in the perthite depends upon which plagio- 
clase was available at the time perthitic inter- 
growth took place. 

Perthitic intergrowths include both orthoclase 
and microcline. In many thin sections the one 
grades into the other without any apparent 
boundary (fig. 8). 

Plagioclase—Plagioclase forms euhedral and 
subhedral grains which are nearly always zoned. 
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Zoning is strong in the hornblende facies (fig. 9,) 
and weak or absent in acid members of the 
muscovite facies. It is always expressed in con- 
centric shells which become more sodic from the 
core outward. Reversals of the order of zoning 
and unconformities between successive shells 
were not found. 

In addition to albite twinning, very many of 
the grains show twinning on the Carlsbad law. 
Pericline twins, though not as numerous as the 
other two, are not rare. 

Extinction angles against the albite twin plane 
were measured with the universal stage in 18 
thin sections covering all of the plutonic rock 
types. An average of five readings was taken 
in each section. The values vary between — 25° 
and +16°. The indices of the plagioclase in 
the corresponding hand specimens were deter- 
mined in oils to ascertain the sign of the angles. 
From these data the compositions of the plagio- 
clases in each of the 18 rocks were determined 
from graphs compiled by Chudoba (1933). 

The compositions thus found range from Ab 55 
to Ab 95. All of the samples show some 
variation in composition. These ranges in com- 
position are only minima in that if more grains 
had been measured, greater ranges might have 
been found. The mean composition in each 
instance was taken midway between the two 
extremes. 

Figure 10 shows graphically the results of the 
study outlined above. Specimens 1 to 5 contain 
hornblende, whereas specimens 6 to 15 contain 
muscovite. Specimens 16 to 18, though also 
muscovite-bearing, are characterized by the 
feldspar itself, these being representatives of the 
only albite-bearing rocks in the area. Plagio- 
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Fic. 10. Variation, in composition of plagioclase in 18 
representative plutonic rocks, showing maximum, 
minimum, and mean Ab content. Vertical dash lines 
are boundaries between hornblende, muscovite, and 
albite facies. 


clases between Ab 77 and Ab 88 were not found. 
Consequently, the curves trend sharply upward 
between specimens 15 and 16. 

Sericite—Sericite occurs in all the plutonic 
rocks as a secondary alteration product of 
plagioclase. It was never found, however, asso- 
ciated with potash feldspar. 

Kaolin.—Like sericite, kaolin is present in 
virtually all the rocks as a secondary alteration 
product of feldspar. Unlike sericite, it is 
associated with both potash feldspar and 
plagioclase. 

Biotite—Except for certain of the leuco 
varieties, all of the plutonic rocks contain 
biotite. It usually occurs in irregular flakes 
with corroded borders. There is nearly always 
some alteration to a chlorite whose properties 
vary with those of the particular biotite from 
which it was derived. Inclusions of apatite and 
zircon, the latter with pleochroic halos, are 
common. 

The usual color of the biotite is deep brown 
and the pleochroism is strong, with X = pale 
to medium yellow, Y = Z = dark brown to 
opaque. The biotites with higher indices and 
birefringence have deeper color and stronger 
pleochroism than those for which indices and 
birefringence are relatively low. 

Occasionally, during the process of chloritiza- 
tion, a green biotite developed as a product 
intermediate between brown biotite and chlorite. 
Pleochroism in the green biotite is X = colorless, 
Y = Z = bright green. 

The 8 indices of biotite from 25 localities, 
representing all of the biotite-bearing plutonic 
rocks, were determined in oils. The values thus 
obtained range from 1.648 to 1.665. The mean 
is approximately 1.655. The birefringence of 
biotite in 15 of these specimens was determined 
in thin section by the use of a quartz wedge. 
Observations were made on flakes cut parallel 
to the optic plane. The values obtained range 
from .050 to .060. These values are, of course, 
not precise, since the limit of error of the method 
is probably large. Since cleavage flakes were 
in all cases isotropic and interference figures were 
nearly uniaxial, 2V is estimated to be near 0. 

In figure 11 the above optical data are shown in 
their appropriate positions on Winchell’s varia- 
tion diagram of the biotite system (1933: 274). 
The shaded portion of the diagram indicates a 
minimum range in composition for the biotites 
of the plutonic rocks. It is apparent that these 
biotites fall closer to the annite-siderophyllite 
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ANNITE SIDEROPHYLLITE 
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PHLOGOPITE 


Fic. 11. Minimum probable variation (shaded area) in 
composition of biotite in plutonic rocks. Based upon 
optical data for 25 representative samples. Modified 
after Winchell’s variation diagram for the biotite 
system. 


EASTONITE 


series than to the phlogopite-eastonite series, 
and therefore contain more iron than magnesium. 
In the samples investigated, neither indices nor 
birefringences correspond to values for annite, 
whereas in some instances the values fall close 
to those of siderophyllite. 

There is no apparent correlation between the 
composition of the biotite at a given locality 
and the composition of the rock type at that 
locality. Furthermore, the variations in the 
biotite from place to place are independent of 
variations in hornblende or plagioclase. 

Chlorite—Chlorite occurs as an alteration 
product of biotite. Although its occurrence is 
widespread, it is seldom found in more than 
accessory amounts. 

In eight specimens, representing as many 
widely separated localities, chlorite was found 
in quantities sufficient to furnish samples for 
investigation. These were selected for studying 
the relation of chlorite to biotite. The 8 indices 
of both chlorite and biotite were determined in 
each specimen. The results are represented 
graphically in figure 12. 

The indices of the chlorites have been arranged 
on a curve in order from lowest to highest. 
The corresponding biotite values form a curve 
which is roughly parallel to that for the chlorites. 
The greatest difference between the 8 index for 


chlorite and that for biotite in any one specimen 


is .022, and the least difference is .014; the 


mean difference for the 8 specimens is .017. 
The differences between mean and extremes are 
within the limit of error of index determinations 
by oil immersion methods. 

It is apparent that the 8 index of the chlorite 
at any locality is a function of the 6 index of the 
biotite at that locality. Furthermore, the differ- 
ence in indices between the two from place to 
place is practically constant. This fact strongly 


suggests that the two minerals have corre- 
sponding fixed chemical differences. 

The bulk of the chlorites in these rocks have 
the following properties: 


Pleochroic, X = colorless, Y = Z 
Birefringence very low 
Interference colors anomalous purple 
Biaxial negative, very small 2V 

NB between 1.63 and 1.65 


The chlorite is aphrosiderite according to 
Winchell’s classification of the chlorite system 
(1933: 280). Minor amounts of other chlorites 
are undoubtedly present. 


= pale green 


Fic. 12. Comparison of 8 indices of biotite and chlorite 


in 8 plutonic rock specimens. 


Muscovite.—This mineral is not found as a 
primary constituent in rocks of the hornblende 
facies. Even in members of the muscovite 
facies, muscovite is usually a subordinate con- 
stituent. Sericite altered from plagioclase feld- 
spar by secondary processes is not included here. 

A few of the leucogranites contain muscovite 
without biotite. A leuco-sodaclase tonalite col- 
lected by Wade at Mount Rea and analyzed by 
Stewart (1945) contains 14.73 per cent muscovite. 
So far, this is more than has been found in any 
of the other rocks from the Edsel Ford Ranges 
and probably represents a maximum. A speci- 
men of leucogranite collected by the 1940 
Biological Party at .an outcrop approximately 
4 miles south of Mount Iphigene in the Raymond 
Fosdick Range contains approximately 10 per 
cent muscovite. This muscovite was examined 
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in oil, and the optical data obtained are as 
follows: 


Indices: 8 = 1.596, y = 1.605 
Biaxial negative 
Calculated 2V = 33° 


These data, applied to Winchell’s variation 
diagram for the muscovite system (1933: 268), 
give the following composition for the muscovite: 
phengite = 70 per cent, Fe’ muscovite = 20 
per cent, muscovite = 10 per cent. 

Winchell’s classification makes no allowance 
for the presence of the paragonite molecule. 
Since the muscovite in these rocks is in part 
contemporaneous with Na-rich plagioclase, it 
therefore seems likely that the paragonite 
molecule may enter into the composition. 

Owing to the fact that muscovite occurs so 
sparingly in most specimens, accurate data were 
not obtained except for the sample mentioned 
above. 

Hornblende.—Hornblende is confined to those 
rocks which contain no primary muscovite. In 
these it is usually, but not always, present. 

Ten samples of hornblende from different lo- 
calities were studied in detail. Their optical 
properties were determined to be as follows: 


Green color, strongly pleochroic 
X = yellow, Y = green, Z = dark green 
Absorption: Z > Y > X 
Dispersion moderate, r > v 
Indices: a = 1.649 to 1.662 
B = 1.659 to 1.676 
¥ 1.667 to 1.686 


oy 
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yy 
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= 
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Fic. 13. 


pargasite system. 


Biaxial negative, ave. computed 2V = 83° 
Birefringence, .018 to .026 
Extinction angle Z A c, 15° to 20° 


These data were plotted on Winchell’s varia- 
tion diagram for the pargasite-hornblende system 
(1933: 252). This diagram is shown in modified 
form in figure 13. The shaded area represents a 
minimum range in composition for the horn- 
blendes in the plutonic rocks. It will be noted 
that most of the samples fall closer to the Mg 
than to the Fe end of the series. It seems 
probable, therefore, that most of the hornblende 
in the plutonic rocks contains more Mg than Fe. 

Accessory Minerals.—The minerals listed above 
account for more than 99 per cent of the volume 
of the plutonic rocks. The remainder is supplied 
by a variety of accessories. 

The most persistent of these are apatite and 
zircon. Apatite is most abundant in the 
hornblende-bearing rocks, where it occurs com- 
monly as inclusions in hornblende and biotite. 
It is sometimes found in euhedral grains nearly 
1 mm. in diameter. No apatite was found in the 
leuco rocks. Zircon is equally prevalent in both 
acid and basic members of the plutonic series. 
The grains are never large and are usually 
rounded. They occur as inclusions in biotite, 
where they are invariably surrounded by 
pleochroic halos. 

Titanite is a common accessory in the rocks of 
the hornblende facies but is rarely found in those 
of the muscovite facies. It is usually found in 
anhedral grains, but sometimes shows perfect 
rhombic boundaries. 


FeSiO3 
CAFE Sia0¢ 


Minimum probable variation (shaded area) in composition of hornblende in the plutonic rocks, based upon 
optical data for 10 representative samples (large dots). 


Modified after Winchell’s diagram for the hornblende- 
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O4 LAWRENCE 
Small grains of a black metallic mineral are 
found in practically all of the rocks. Occasional 
grains show alteration to a substance resembling 
leucoxene, suggesting that they are ilmenite. 
The rest of them are probably magnetite. 
Rarely, bright yellow metallic grains resembling 
pyrite were encountered. 

A carbonate mineral occurs rarely in minor 
amounts as an alteration product of plagioclase. 
Epidote, probably also an alteration product, 
was found in a specimen of hornblende grano- 
diorite from Peak 232. Garnet of uncertain 
origin occurs sparingly in a specimen of leuco- 
granite from an isolated outcrop 4 miles south of 
Mount Iphigene. One grain of topaz was found 
in a specimen of mica granodiorite from Peak 11. 

Stewart (1945) reports minor amounts of 
zoisite, epidote, allanite, topaz, rutile, and 
fluorite from analyses he has made of samples 
collected by Wade at Mounts Rea and Saunders. 


Mineral Paragenesis 


The order of crystallization presented in the 
following discussion was established primarily on 
the basis of the degree of euhedry of crystal 
boundaries. A careful study of the boundary 
relationships of the various minerals was made 
in 75 thin sections of the plutonic rocks. The 
periods of crystallization of nearly all of the 
major constituents overlap, and the relationships 
in some instances are exceedingly complicated. 
The ranges of crystallization of these constituents 
are given. below, in so far as they could be 
determined. 

The order of crystallization in the rocks of the 
hornblende facies is somewhat different from 
that in those of the muscovite facies. Further- 
more, the leuco members of the latter show 
certain anomalies not displayed in the normal 
members. Consequently, each of the three 
groups of rocks is considered separately. 

The Hornblende Facies.—The first minerals to 
form were magnetite, apatite, and zircon. The 
fact that some ilmenite may be associated with 
the magnetite has already been mentioned. 
These minerals are commonly found as euhedral 
inclusions in biotite and hornblende. 

The fact that hornblende and biotite com- 
monly show mutual boundaries indicates that 
the crystallization periods of these two minerals 
overlapped to such an extent that, for the most 
part, they crystallized together. In some in- 
stances biotite flakes are included in hornblende 
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(fig. 14), but equally often hornblende is found 
included in biotite (fig. 15). Inclusions of horn- 
blende in hornblende and biotite in biotite sug- 
gest that both minerals had an appreciable range 
of crystallization. Evidence that hornblende 
ceased to crystallize earlier than did biotite is 
found in the relations of the two minerals to 
plagioclase. Early plagioclase grains often show 
euhedral boundaries to biotite (fig. 18), whereas 
they are always anhedral to hornblende. 

Large irregular patches of titanite occur 
sparingly in these rocks and are nearly always 
associated with biotite. Titanite is usually 
found anhedral to the biotite and sometimes to 
plagioclase (fig. 16), but in some instances it 
formed perfect rhombic crystals (fig. 17). The 
exact position of titanite in the paragenetic se- 
quence is difficult to define, owing to the fact that 
it is not abundant. 

Plagioclase began to crystallize before biotite 
had ceased, and it continued after quartz began 
to form (figs. 18,19). The length of the range of 
crystallization of plagioclase is indicated by zon- 
ing and by inclusions of early corroded grains in 
later ones. 

The crystallization period of quartz overlapped 
that of plagioclase at the beginning and that of 
orthoclase at the close. Quartz is rarely euhedral 
to plagioclase but is sometimes so to orthoclase. 

Orthoclase frequently shows euhedral bound- 
aries to quartz, indicating that it began to crys- 
tallize before quartz had ceased (fig. 20). There 
is nothing to indicate that any orthoclase formed 
before plagioclase had stopped crystallizing. It 
is assumed that there was an interval between the 
crystallization periods of these two minerals when 
quartz alone was forming. 

Perthite was the last of the common con- 
stituents to crystallize. It is anhedral to all of 
the previous minerals and fills the interstices 
between them. Wherever orthoclase and perth- 
ite are found together, the orthoclase is always 
euhedral to the perthite. This relationship 
suggests that non-perthitic orthoclase ceased to 
crystallize before perthitic intergrowths began 
to form. Quartz, too, had apparently stopped 
crystallizing by the time perthite started to form, 
for although quartz is seldom euhedral, the 
boundaries between the two minerals invariably 
indicate that the quartz is earlier. 

The Muscovite Facies —The sequence of crys- 
tallization in the muscovite-bearing rocks is 
essentially the same as that in the hornblende- 
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bearing varieties. 
tant differences. 

The accessory minerals are in general less 
abundant and occur in smaller grains in these 
rocks than in those of the hornblende facies. 
Titanite is rarely found. 

Biotite is usually abundant, but hornblende is 
never found in the muscovite facies. 

Plagioclase crystallized later in the muscovite 
than in the hornblende rocks. Textural evi- 
dence supports, in this respect, what would 
normally be anticipated in view of the chemical 
differences of the plagioclase in the two series. 

The first plagioclase to crystallize in the 
hornblende rocks was more calcic than the 
earliest found in the muscovite rocks. Corre- 
spondingly, the last to form in the hornblende 
rocks was less sodic than the latest in the 
muscovite rocks. Whereas early plagioclase 
was frequently found to be euhedral to biotite in 
the rocks containing hornblende, this relationship 
was not found in those containing muscovite. 
Consequently biotite must have ceased to form 
in the latter before plagioclase began. Further- 
more, no evidence was found in the hornblende 
facies that plagioclase was still crystallizing at 
the time orthoclase began to form, whereas some 
orthoclase grains show euhedral boundaries to 
plagioclase in the muscovite facies. Again, 
whereas quartz is rarely euhedral to plagioclase 
in the hornblende rocks, it is commonly so in 
the muscovite rocks. All of these relationships 
indicate that plagioclase started to crystallize 
later and continued longer in the muscovite 
than in the hornblende facies. 

In a number of thin sections hiatal zoning 
was observed in certain plagioclase grains. The 
original grains are surrounded by a thin second- 
ary growth of plagioclase of more sodic composi- 
tion. Under oblique illumination, the central 
portion stands out in sharp relief against the 
border (fig. 21). 

This phenomenon is encountered wherever 
isolated grains of plagioclase occur as inclusions 
in perthite. The plagioclase of the border zone 
has approximately the same relief as the blebs 
in the perthite, suggesting that the two may be 
of similar composition. 

Potash feldspar is much more abundant and 
varied in the muscovite than in the hornblende 
rocks. Microcline, which is rarely found in the 
latter, is fairly common in the former, although 
it is usually perthitic. 

At a number of localities, notably at Peaks 


There are, however, impor- 


204 and 207, large phenocrysts of perthite were 
found. Some of these are over an inch long and 
nearly half an inch thick. A number of these 
phenocrysts were tested in oil. In all cases ny 
was found to be either equal to or less than 1.530. 
The value of X A a@ measured on 001 was always 
either 0° or 15°, the former being the value for 
orthoclase, the latter that for microcline. The 
value of X A a@ on 010 was always 5° where the 
value on 001 was 0°. Since the extinction angle 
on 010 for orthoclase ranges from 5° to 12°, 
depending on the Na content, it is evident that 
the orthoclase of these phenocrysts contains 
little or no albite. 

Sometimes a narrow border of plagioclase is 
found around the perthite phenocrysts. A 
specimen which clearly shows this relationship 
was collected at Peak 201. One phenocryst of 
perthite is surrounded by a border of plagioclase 
(fig. 22). Tension fractures, parallel to the short 
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Fic. 22. Perthite phenocryst with border of oligoclase. 


Late quartz fills tension cracks which transect the 
feldspars. 


diameter of the phenocryst, cut the plagioclase 


rim and are filled with late quartz. Thus, the 
plagioclase is dated as later than the perthite 
phenocryst and earlier than the late quartz. 
Fragments of the plagioclase rim were tested in 
index liquids, and the composition, on the basis 
of indices, was determined to be Ab 75. A thin 
section of this specimen shows perthite which is 
later than that in the phenocrysts. 

It seems probable that the plagioclase borders 
of the perthite phenocrysts and those around 
plagioclase grains which occur as inclusions in 
perthite are contemporaneous. Furthermore, 
this generation of plagioclase may possibly be 
related to the plagioclase blebs in the perthites 
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98 LAWRENCE 
of these rocks. However, no conclusive evidence 
of such relationships was found. 

The fact that some plagioclase crystallized 
later than the perthite phenocrysts in the 
muscovite-bearing rocks is significant in that 
such relationships were not found in the rocks of 
the hornblende facies. In the latter, plagioclase 
had ceased to crystallize before perthite began 
to form. 

The position of muscovite is not altogether 
clear. For one thing, it occurs so sparingly that 
its relations to other minerals are hard to deter- 
mine. In many instances muscovite and biotite 
are intergrown in such a manner that their cleav- 
ages are parallel, but occasionally they are at an 
angle (fig. 23). This relationship is taken to indi- 
cate that some muscovite crystallized with, or 
prior to, the biotite. In some instances musco- 
vite appears to have altered from biotite. This 
phenomenon is best illustrated in the leuco mem- 
bers of the muscovite facies. In a specimen of 
leucogranite collected 4 miles south of Mount 
Iphigene, small corroded remnants of biotite oc- 
cur in large flakes of muscovite. In another 
specimen of leucogranite from Peak 147, biotite 
grades imperceptibly into a green chloritic sub- 
stance and this into muscovite. In other speci- 
mens muscovite is found in late quartz stringers 
which transect the potash feldspars. These late 
stringers were not found in the hornblende rocks. 

Leuco Rocks.—Paragenetic relations in the 
leuco members of the muscovite facies are 
essentially the same as those in the normal 
members. However, certain relations which 
were vague or rare in the normal members are 
well established in the leuco members. These 
deserve special consideration. 

The leuco rocks are for the most part sodaclase 
varieties of adamellite and tonalite, but they 
also include varieties of leucogranite and leuco- 
granodiorite. 

The biotite of these rocks is for the most part 
green rather than brown. The fact that mus- 
covite appears to have altered from biotite in 
some instances was mentioned above. Musco- 
vite is more abundant in these rocks than in 
those of the previous group. It commonly de- 
veloped along the borders of plagioclase grains 
(fig. 24). In most instances the muscovite is 
clearly later than the plagioclase. 

The overlap of the period of crystallization of 
quartz with those of plagioclase and potash 
feldspar is well illustrated in this group of rocks. 
The euhedry of quartz to plagioclase is very 
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common. The occurrence of early perthite 
grains which are euhedral to quartz is equally 
prevalent. This latter relationship was not 
found in the normal members of the muscovite 
facies. 

Borders of late plagioclase around early perthite 
grains are well developed in the leuco rocks (figs. 
25,26). Extinction angles obtained on the albite 
twinning in these plagioclase borders average 15°. 
Although it was impossible to determine the sign 
of the angle the plagioclase is thought to be albite 
rather than acid andesine, since no andesine or 
basic oligoclase was found in these rocks. 

Here, as in the case of the normal muscovite- 
bearing rocks, it is assumed that the plagioclase 
borders around perthite crystals are genetically 
related to the blebs in the perthite. In both 
instances the two are similar in relief and occupy 
similar positions in the paragenetic sequence. In 
the normal rocks one of these borders was deter- 
mined to be oligoclase (fig. 22); in the leuco rocks 
they are probably albite. 

Summary.—The sequence of crystallization in 
the plutonic rocks is shown diagrammatically in 
figure 27. From the foregoing discussions, it is 
apparent that there is no hiatus in the sequence. 
Crystallization apparently underwent neither 
stagnation nor undue acceleration at any time, 
but proceeded in an orderly manner from the 
earliest to the final stages. It seems logical, 
therefore, that equilibrium conditions changed 


MuscovITE FACIES 


Muscovite 
Plagioclase 


Perthite 


Biotite 
Apatite 
Zircon 
Magnetite 


Orthoclase 


Sericite Quartz 
8 nn a ee 


HORNBLENDE FACIES 


Biotite 


Plagioclase 


Quartz 


Hornblende ~ 
Titanite - — 
Orthoclase 


Apatite 
Zircon 

Magnetite Sericite 
—_—_— Chlorite Perthite 


Fic. 27. 
rocks. 


Paragenetic relations of minerals in the plutonic 
Crystallization proceeded from left to right. 
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slowly and constantly and that they were induced 
mainly through a uniformly falling temperature. 


Late Magmatic Effects 


Intergrowths.—Perthite and antiperthite are 
the most abundant examples of intergrowth in 
these rocks. 
ously. 

A second very common type of intergrowth is 
that of quartz and plagioclase to form what 
Sederholm has called ‘‘myrmekite’’ (1916: 1). 
The intergrowth is usually confined to the 
boundaries of plagioclase grains (fig. 28), but is 
sometimes found throughout the grain (fig. 29). 
Sederholm ascribed the formation of ‘‘typical 
myrmekite”’ to deuteric action (1916: 134-139). 
Alling, however, is of the opinion that it may be 
of ‘‘eutectic, eutectoid, cotectic, or peritectic ori- 
gin’’ (1936:160). He further states that perthites 
also may form by a variety of processes (p. 69). 
It is difficult to assign the formation of either 
perthite or myrmekite in these rocks to any one 
process. However, their paragenetic relations 
definitely establish them as late magmatic prod- 
ucts. 

Replacement.—Most of the replacement phe- 
nomena in these rocks consist of embayments of 
late quartz into feldspar. They are not confined 
to any one rock type but are found throughout 
the igneous sequence. 

A thin section of hornblende granodiorite from 
Mount Saunders shows a tonguelike reentrant of 
quartz in a subhedral grain of orthoclase (fig. 30). 
A mica granodiorite from Peak 1120 in the Fos- 
dick Range shows embayments of quartz into 
both orthoclase and plagioclase (fig. 31). Ina 
thin section of leucogranite from Peak 147 of the 
Fosdick Range there are embayments of late 
quartz in microperthite (fig. 32). Here the late 
quartz forms a peripheral secondary growth 
around an earlier quartz grain. ‘The two are 
nearly in optical continuity. 

In some instances, antiperthitic intergrowths 
suggest that potash feldspar has replaced plagio- 
clase. The writer found no conclusive evidence, 
however, that this is true. 

The replacement of biotite by muscovite was 
mentioned previously. Occasionally, remnants 
of biotite are found in flakes of muscovite. In 
other instances, the biotite is surrounded by a 
green chloritic mineral which grades into musco- 
vite. Grout suggests (1932: 67) that replace- 
ment of biotite by muscovite may be accom- 


They have been described previ-. 
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plished by deuteric action. The question arises 
as to whether this phenomenon is one of replace- 
ment or of alteration. 

Alteration Products.—Alteration processes 
the plutonic rocks were confined mostly 
chloritization of biotite and sericitization of 
plagioclase. The former was mentioned in 
conjunction with the mineralogy of the chlorites. 
It was noted that there is a relatively constant 
difference in the 8 indices of chlorite and biotite 
at given localities scattered over the area (fig. 12). 
It was assumed that these constant differences 
in indices are indicative of constant differences 
in chemical composition. 

The principal changes which take place when 
biotite alters to chlorite are loss of alkalies and 
gain of hydroxyl. The amount of chemical 
change must have been roughly the same 
irrespective of the original composition of the 
biotite or its geographical location. The solu- 
tions which brought about the alteration must 
have affected various localities in the same 
degree and, therefore, could not have varied 
greatly in character from place to place. It 
seems clear that the alteration was wide-spread 
and contemporaneous. 

In most instances, the plagioclase of these rocks 
shows sericitic alteration. Frequently the seri- 
cite flakes show preference for cleavage planes 
and are accordingly oriented in two directions 
(fig. 33). On many zoned grains the alteration is 
confined to the central portions, the borders being 
unaltered (fig. 34). It is a curious fact that, 
whereas potash feldspar readily alters to sericite, 
no sericite is found in the potash feldspar of these 
rocks. Clark states (1920: 596): “In the forma- 
tion of muscovite from orthoclase, the necessary 
potassium is already present; but in order to pro- 
duce muscovite from plagioclase a replacement of 
sodium by extraneous potassium is required.”’ 
This implies that the solutions which altered the 
plagioclase in these rocks were alkaline. 

The order of crystallization of the minerals in 
the rocks of this area indicates that as differentia- 
tion progressed the magma became increasingly 
richer in alkaline constituents. The early plagio- 
clase was probably altered to sericite by reaction 
with an alkali-rich aqueous magmatic residue. 
Dating this reaction with respect to other mag- 
matic events is difficult. The fact that the alka- 
line feldspars show no sericitization suggests that 
the alteration may have taken place prior to the 
time these minerals crystallized. It seems more 
probable, however, that the alkaline feldspars 
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were nearly in equilibrium with the sericitizing 
agents and that only the more calcic plagioclases 
were attacked. The widespread distribution of 
sericite in this area suggests that the agents had 
great penetrating power such as might be ex- 
pected of aqueous solutions or gases. Such wide- 
spread alteration, however, is not characteristic 
of post-magmatic hydrothermal action, which is 
normally confined to relatively narrow zones 
along veins or faults. It seems more reasonable 
that the alteration took place during magmatic 
time and a question arises as to when so-called 
‘‘magmatic’’ processes cease and ‘‘post-magma- 
tic’’ processes begin. 

It was found that, although chloritization and 
sericitization vary in intensity from place to 
place, they vary in like degree. Where plagio- 
clase is slightly altered, biotite is fresh; and where 
sericite is abundant, nearly all of the biotite has 
changed to chlorite. This fact suggests that 
the two processes were contemporaneous and 
that they were brought about by the same 
agents. Their ubiquitous occurrence has a 
similar implication. Colony (1923: 174) implies 
that chloritization of biotite may occur as a result 
of late magmatic action. 


Rock Types 


Seventeen modal analyses, covering all of the 
plutonic rock types collected by the writer, were 


made by the use of a Wentworth stage. The 
mineralogical compositions of these rocks are 
shown in table 1. The Johannsen classification 
(1931: 140-158) was used throughout in assigning 
names to the rocks. 

The variation in modal composition of the 
rocks is shown diagrammatically in figure 35 
(nos. 1-17). Specimens 18, 19, and 20 are dike 
rocks which are included in the diagram and in 
table 1 for comparative purposes. These will 
be discussed later. All of the rocks are confined 
to the first twelve families of Johannsen’s Classes 
land 2. The positions of the rocks with respect 
to these families is indicated on the diagram. 

The system of representation is that outlined 
by Johannsen (1931: 151, 152). The positions 
of the dots with respect to the corners of the 
triangle represent the relative amounts of 
quartz, potash feldspar, and plagioclase calcu- 
lated to 100 per cent. The lines through these 
dots represent the total amounts of mafic 
minerals in the rocks as given in the modal 
analyses. 


Fic. 35. Variation in modal compositions of intrusive 
rocks, showing positions of samples with respect to 
quartz-bearing families of Johannsen’s classification. 
Specimen numbers correspond to those given in 
table 1. 


The plutonic rocks are numbered in the order 
of composition of their plagioclase from basic to 
acid, a fact which is not apparent from their 
positions on the diagram. Five of the seventeen 
plutonic rocks (nos. 7, 11, 15, 16, 17) fall into 
Class 1 of the Johannsen scheme. Three of 
these (nos. 15, 16, 17) belong to Order 1; the 
other two belong to Order 2. All of the other 
samples fall into Class 2, Order 2. No repre- 
sentatives of Order 2 of this class, or of Family 2 
in any class or order, were found. 

A list of the plutonic rock families of the 
Johannsen scheme which are represented in this 
area was compiled from analyses given by Wade 
(1937a) and Stewart (1945) as well as by the 
writer. It is as follows: 


117” 
118 
126 
126’ 
127’ 
1210 
126” 
223 
226’ 
226” 
227 
227’ 
228 


Leuco-sodaclase adamellite 
Leuco-sodaclase tonalite 
Leucogranite 
Leucomonzogranite 
Leucomonzotonalite 
Leucosyenite 
Leucoadamellite (also 127’’) 
Quartz granodiorite 
Monzogranite 

Adamellite (also 227’’) 
Granodiorite 
Monzotonalite 

Tonalite 
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The hornblende and muscovite facies do not 
appear as separate entities in the quantitative 
classification used. Members of both facies are 
represented in a number of the same families. 
Perhaps the separation of the plutonic rocks on 
the basis of the incompatibility of muscovite and 
hornblende is unwarranted. However, from a 
petrological point of view there are arguments in 
its favor. In the light of Bowen’s reaction series 
it is apparent that the presence or absence of 
certain constituents is as much a key to the 
successive stages of magmatic differentiation as 
the relative abundance of these constituents. 


Distribution of Rock Types 


In the southern part of the area most of the 
outcrops are composed of sedimentary rock, 
whereas in the northern part most of the peaks 
are composed of intrusive rocks (map 3). One 
might reasonably assume from this relationship 
that a large portion of the major intrusive mass 
lies to the northeast under the ice cap of the 
Rockefeller Plateau. 

The hornblende-bearing plutonic rocks form a 
belt approximately 15 miles wide which trends 
slightly north of west through the central portion 
of the area. On either side of this belt, in the 
Raymond Fosdick Range on the north and the 
Rea-Cooper Range on the south, the plutonic 
rocks are muscovite-bearing. 

The distribution of the leuco rocks is more 
complicated. For the most part, they occur as 
dikelike bodies in both the hornblende and the 
mica granodiorites. In several places they are 
found along contacts. Physically they are 
intermediate between dikes and true plutonic 
bodies. They include leuco varieties of granite, 
adamellite, granodiorite, and tonalite, and most 
of them are albitic. 

Representatives of this group were reported by 
Wade (1937a; 1937b) from Mounts Grace 
McKinley, Rea, and Saunders. Several speci- 
mens collected in the Fosdick Range have proved 
to be leucogranites. Specimens from Mount 
Corey were analyzed by Stewart (1945) and 
were determined to be leuco-sodaclase adamellite. 
The writer and his associates found two small 
bodies of this same rock 1 mile south of Peak 330. 
They appear to be dikelike intrusions along the 
contact between granodiorite and sediments. 

The localities mentioned are the only ones 
from which leuco rocks have been collected and 
analyzed, but there is evidence that they exist 
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elsewhere. Small bodies of pink-colored rock 
were observed from the air in the Clark and 
Allegheny Mountains. All of the eastern peaks 
of the Harold June Mountains are also pink- 
colored. An erratic of pink granitic rock was 
collected by the Biological Party at the east end 
of the Fosdick Range. Its proximity to the 
pink outcrops in the Harold June Mountains 
suggests that it may have come from there. 
The rock was analyzed petrographically and was 
found to be leuco-sodaclase adamellite. The 
analysis is given in table 1. 

Numerous erratics of leuco rocks have been 
found along the margins of the major glaciers 
which flow westward from the Rockefeller 
Plateau. They suggest that bodies similar to 
those mentioned exist beneath the plateau ice 
cap. 


Intrusive Sequence of the Plutonic Rocks 


No actual contacts have been observed be- 
tween large bodies of mica and hornblende 
granodiorite. It is assumed that for the most 
part these rocks grade into each other. Wade 
found two dikelike intrusions of granodioritic 
material cutting the hornblende granodiorite at 
Mount Saunders (1937a: 117). The dikes con- 
tain neither hornblende nor muscovite. No 
such intrusions of hornblende granodiorite into 
mica granodiorite have been found. It seems 
logical to assume that, in most instances, those 
portions of the pluton which contain hornblende 
consolidated earlier than those in which horn- 
blende is absent. 

The leuco rocks are usually intrusive into the 
normal granites and granodiorites. It cannot 
be stated definitely, however, that the boundary 
between the two types is always sharp. In 
many places, notably at Mount McKinley, the 
contact is covered. Dikes and apophyses of 
leuco-sodaclase adamellite have been found 
cutting granodiorite and granite at Mount 
Saunders and at Peaks 343 and 345 (fig. 36). 


Fic. 36. Apophyses of leuco-sodaclase adamellite cutting 
mica granodiorite, Peak 343. (From a field sketch 
drawn at a point 1 mile north.) 
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Inclusions 


Both acid and basic inclusions appear in the 
intrusive rocks. The basic inclusions (fig. 37, 
are for the most part xenoliths of nearby sedi- 
ment. Some of them are clearly recognizable 
as sediment, whereas others have been converted 
into igneous-looking rocks. The acid inclusions 
(fig. 38) are thought to be autoliths. No rock 
resembling them and antedating the intrusives 
was found in the area. They have approxi- 
mately the same composition as the granodiorite, 
except that they contain very few mafic minerals. 
Fragments of sediment are abundant in the rocks 
of the hornblende facies and rare in those of the 
muscovite facies. Acid inclusions, though gen- 
erally rare, are more abundant in the muscovite 
facies. 

Xenoliths vary in size from a few inches to 
several hundred feet in diameter. From the 
western approach to Mount Rea, tremendous 
dark blocks of sediment can be seen in the 
granite at Peak 27 of Mount Cooper. A similar 
large block was found on the northeastern slope 
of Peak 310. It is approximately 75 feet wide 
and 200 feet long. The average diameter of the 
xenoliths, however, is probably not more than a 
few inches. They are commonly oriented in 
accordance with the planar and linear structure 
in the granodiorite. 

The mineralogy of the xenoliths is commonly 
very similar to that of the granite rock in which 
they are included. Quartz is abundant and 
usually contains needlelike inclusions of an 
undetermined mineral. Plagiaclase is also abun- 
dant, but potash feldspar is usually absent. 
The composition of the plagioclase was found to 
range between Ab 62 and Ab 74. 

Nearly all of the xenoliths contain hornblende, 
regardless of whether or not there is hornblende 
in the rock surrounding them. In six specimens 
the hornblende was studied in detail. The 
average values of the optical constants measured 
are as follows: 


Indices: a = 1.662, 8 = 1.675, y = 1.681 
Biaxial negative, computed 2V = 67° 
Extinction angle Z A c = 19° 


Except for 2V, these values fall within the 
limits of those for the hornblende of the plutonic 
rocks as previously shown in figure 13. 

Biotite is a prominent constituent in most of 
the xenoliths. The 6 index of the biotite in 
seven specimens was determined, and the values 
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range from 1.646 to 1.660. This corresponds 
closely to the range found in the plutonic rocks 
(fig. 11). 

The chlorite of the xenoliths was found to 
have the same relationship to biotite as that 
described for the plutonic rocks. It is assumed, 
therefore, that chloritization of the biotite in 
the xenoliths is related to that in the plutonic 
bodies. 

Epidote is a common accessory. It is nearly 
always associated with biotite. A mineral with 
very low birefringence, but otherwise similar to 
common epidote, was also found. It is thought 
to be clinozoisite, although the data obtained 
are not conclusive. A carbonate mineral, prob- 
ably calcite, is also usually present. Titanite, 
apatite, zircon, and ores are found in minor 
amounts just as they are in the plutonic rocks. 

The similarities in the mineralogy of the 
xenoliths with that of the plutonic rocks can 
hardly be explained otherwise than on the basis 
of granitization. It would be extremely difficult 
to distinguish the xenoliths from basic autoliths 
were it not for the fact that a great many of 
them retain sedimentary characteristics, such as 
cleavage and bedding. 


DIKE ROCKS 


Nearly all of the dike rocks in this area are 
either acid or basic, and the two types are 
equally abundant. Intermediate varieties are 
extremely rare. 


Acid Dikes 


One of the petrological anomalies of this region 


is its almost total lack of pegmatites. Aside 
from that described by Wade from~ Mount 
Grace McKinley (1937a: 56), very little true 
pegmatite has been found. Quartz pegmatites 
occur sparingly in the sedimentary country rock 
along bedding planes and in cross joints. These 
dikes are composed almost entirely of milky 
quartz and contain little or no feldspar and no 
dark minerals. It is thought that they represent 
late pegmatitic activity, although no positive 
evidence of their position in the intrusive 
sequence was encountered. 

Most of the acid dikes are aplites. Some of 
these are 20 feet or more in width. A large 
irregular body of aplite occurs at the north end 
of Peak 232, and apophyses from the body 
extend out into the adjacent granodiorite. For 
the most part, however, aplite forms regular 
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dikes which are less than 5 feet wide. The 
mineralogy of the aplites is similar to that of the 
leuco plutonic rocks. Quartz, plagioclase, and 
perthite account for all but a small percentage 
of their composition. <A universal stage analysis 
of 15 plagioclase grains in the aplites shows a 
variation in composition from Ab 69 to Ab 77. 
Biotite, which occurs sparingly, is sometimes 
green rather than brown, and most of the aplites 
contain a little muscovite. 

Rosiwal analyses of three aplite dikes are 
given in table 1 (nos. 18, 19, 20). Their modal 
variations with respect to the plutonic rocks are 
shown in figure 41. 


Intermediate Dikes 


Porphyritic dikes with compositions appar- 
ently intermediate between aplite and andesite 
occur sparingly in both the plutonic rocks and 
the sediments. Immediately west of Peak 88 
in the Claude Swanson Range is a small dike 
containing phenocrysts of quartz and biotite in 
an aphanitic groundmass. Two similar dikes 
occur on the west slope of Peak 203. In the 
latter there are a few grains of plagioclase, the 
composition of which is approximately Ab 62. 
On the ridge west of Peak 205 is a small dike 
with hyalopylitic texture like that of andesite. 
It is so badly altered, however, that it could not 
be definitely identified. 

The aphanitic textures of these dikes made 
quantitative analyses of their modes impossible. 
Consequently, the supposition that they are 
representatives of intermediate members of the 
hypabyssal series is based upon qualitative 
observations. 


Basic Dikes 


These dikes are for the most part less than 
10 feet wide and are very regular. A typical 
example is shown in figure 39. Although a num- 
ber of samples were collected, most of the speci- 
mens proved to be poor material for laboratory 
analysis because of aphanitic texture or extreme 
alteration. One specimen from a small outcrop 
1 mile south of Peak 244 was chosen for analysis. 
It was identified as a pyroxene andesite, although 
its texture approaches that of diabase. 

The rock is composed almost entirely of 
plagioclase, pyroxene, and magnetite. Its com- 
position is given in table 1. The plagioclase 


occurs in subhedral grains and ranges in compo- 
sition from Ab 45 to Ab 64. 


The pyroxene was 
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identified as pigeonite on the basis of the 
following data: 


Indices: a 1.693, 8 1.712, y 1.713 
Biaxial positive, estimated 2V = 25° 
Extinction angle, Z A c = 45° 
Dispersion, poor, r > v 


It was found that nearly all of the ore in the 
rock could be extracted from a powdered sample 
by the use of amagnet. It is assumed, therefore, 
that most of the ore is magnetite. 

Magnetite occurs in euhedral and subhedral 
grains as inclusions in the other minerals. It 
was unmistakably the first of the three main 
constituents to crystallize. Pigeonite and plagi- 
oclase for the most part show mutual boundaries. 
A few .of the plagioclase grains are euhedral, 
however, and they undoubtedly crystallized first. 
These are surrounded by anhedral pigeonite. 
Thus, although the texture is not typically 
ophitic, it approaches the type. 


Distribution of Dike Rocks 


No basic dikes of the type mentioned here 
have been found in the Raymond Fosdick 
Range. However, dikes of amphibole peridotite 
from Peak 116A have been described by Wade 
(1937a: 139). Elsewhere, both acid and basic 
dikes are fairly abundant and follow northwest 
or northeast systems of fractures. Dikes as a 
whole are less abundant in the sedimentary 
country rock than in the granodiorite. 


Intrusive Sequence of the Dike Rocks 


In many places the basic dikes cut the aplites. 
The reverse situation was never encountered. 
The position of the intermediate dikes is uncer- 
tain, as is that of the quartz pegmatites. 

It has occurred to the writer that the basic 
dikes may belong to a later intrusive sequence 
than that which brought in the plutonic rocks 
and acid dikes. Other than the basic dikes, 
however, no evidence of more than one intrusive 
sequence has been found in the region. The fact 
that late basic dikes, as well as pegmatites and 
aplites, commonly are associated with granitic 
intrusives in other regions suggests that the basic 
dikes in this area probably are late differentiates 
of the granodiorite magma. Furthermore, these 
dikes are offset by faults containing stringers of 
quartz and carbonate which are later than the 
displacements. Elsewhere in the region, veins of 
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quartz and carbonate which are later than the 
displacements. Elsewhere in the region, veins of 
quartz and carbonate have been interpreted as 
representatives of a poorly developed hydrother- 
mal stage which marked the close of magmatic 
action. The faults are thought to have resulted 
from adjustments which followed consolidation 
of the magma. The evidence is not conclusive, of 
course, but it suggests that the basic dikes were 
intruded prior to the close of events which re- 
sulted from the emplacement of the granodiorite. 


METAMORPHIC ROCKS 


All of the outcrops of sedimentary rock which 
have been visited show the effects of meta- 
morphism. Nearly all of them are transected 
by a prominent flow cleavage. Where cleavage 
is lacking, the beds are usually rich in quartz. 
Metamorphism is low grade, however, except in 
the vicinity of igneous contacts. 

That metamorphism decreases progressively 
away from contacts with the granodiorite pluton 
is shown in the following example. At the 
contact 2 miles east of Peak 237 (map 3), the 
sediments have been metamorphosed to a biotite 
schist. Along the ridge between Peak 237 and 


the contact, there are a number of outcrops of 


sedimentary rock. Thin sections were made of 
specimens collected at various points along the 
ridge. These show a decrease in biotite content 
from the contact westward, until at a point 
approximately 2,500 feet west of the contact 
there is no biotite at all. This is thought to be 
a fair estimate of the average distance between 
the igneous contacts and the biotite isograd. 
Progressive metamorphism is also shown by 
the behavior of quartz and sericite in shaly 
members of the sedimentary series. At the west 
end of the Claude Swanson Range, more than 5 
miles from the nearest exposed igneous rocks, 
the sediments show little metamorphism. The 
quartz grains show no elongation, and the sericite 
flakes around them are oriented at random. 
Near the east end of the Swanson Range, roughly 
3 miles from a probable contact, the quartz is 
practically unchanged but the sericite flakes are 
oriented around them. At Mount Donald 
Woodward, approximately 1 mile from the 
nearest plutonic rocks, the sericite is rigidly 
oriented in the plane of the flow cleavage, and 
the quartz grains have grown in a direction 
parallel to the sericite. Finally, at Mount Rea, 
within a few feet of exposed granite, the sericite 
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Fic. 41. Behavior of quartz and sericite in progressive 


metamorphism. 

A. Slightly metamorphosed sediment; quartz undeformed, 
sericite unoriented. 

B. Moderately metamorphosed sediment; quartz unde- 
formed, sericite oriented. 

C. Sericite schist; sericite rigidly oriented, quartz elon- 
gated parallel to foliation. 

D. Biotite schist; complete recrystallization. 


has all been changed to biotite, flakes of which 
are partially included in recrystallized quartz. 
These changes are represented diagrammatically 
in figure 41. 

The degree of metamorphism varies with the 
composition of the sediment, as well as with the 
distance from igneous rock. In general, the 
sediments in the central part of the area are 
rich in quartz and poor in carbonate. At Peak 
330, within a short distance of the contact, the 
quartz-rich sediment has been metamorphosed 
to biotite schist (fig. 40). Although the rock 
shows a pronounced foliation, many of the 
quartz grains are practically unaffected. In the 
southern exposures, notably at the west end of 
the Haines Range, the rocks contain 15 to 25 
per cent carbonate and 20 to 35 per cent mica- 
ceous material. Here, at a distance of several 
miles from the nearest outcrop of igneous rock, 
the sediment has been changed to sericite schist 
containing porphyroblasts of calcite (fig. 42). 

In addition to the biotite isograd already 
mentioned, there is evidence of a hornblende 
isograd. Whereas the former is usually more 
than 2,000 feet from the contact, the latter is 
apparently seldom more than a few inches from 
igneous rock. Since very few contacts in the 





‘asury 
yoipsoy ‘ndn{nieyy junoyy 
‘aRURIZ UT 9zI1YDINO} aUTATIO 
jo adid ‘39e3U09 YINOG = “CP ‘DIY 
uospavyry £4 oj04Yq 


‘ST X ‘sjooru passoiy ‘asuRy YIpsoy 
‘OPI Yea ‘Islyos pue azueis usaMmyaq JORJUOD ‘FF’ 
4oyinn &q 004d 


‘aduey yorpsoy ‘OFX ‘sjooru passoiy 
‘quasiydy qunoyy ‘azues3 ul syuawipas jo suadulg “gp “OLY ‘asuey saurepy ‘JsIyOs ayes ur yseqosAydsod ayIeD "ZF “DIY 


uospapyrty £q of0Yg 4oynn &q of04g 


NY 
ta) 
O 
Zz 
< 
ed 
Q 
ee 
5 
ce 
a 
Y 
Q 
a) 
Z 
ce 
fa) 
rT 
& 
— 
° 
Y) 
fy 
o 
(2) 
ee 
- 
O 
= 
pe 
” 





110 


region have been studied in detail, the data 
concerning this postulated hornblende contact 
zone are meager. It is known to be absent at 
some localities. At Mount Rea, for instance, 
the contact rock is a biotite schist. Thin 
sections of several specimens which were col- 
lected immediately adjacent to the granite show 
no hornblende. 

The occurrence of hornblende in small xeno- 
liths was mentioned above. A dozen thin 
sections of such xenoliths were examined, and all 
contain hornblende. In the central portions of 
larger inclusions, however, hornblende is lacking. 
At Peak 310 a strongly granitized block of 
sediment over 75 feet wide and 200 feet long 
was found in the granodiorite. No hornblende 
was encountered in a specimen from the center 
of this block. It is assumed that the small 
xenoliths are entirely within the hornblende 
isograd. ‘Where the minimum diameter of the 
xenolith exceeds the width of the isograd on 
either side, hornblende will be absent in the 
central portion. 

Further confirmation of this principle was 
found in the Raymond Fosdick Range. Here, 
dikelike fingers of sediment are found in the 
intrusive rock (fig. 43). They have been meta- 
morphosed to biotite and amphibolite schist and 


TABLE 2 


MINERAL COMPOSITION OF CONTACT METAMORPHOSED 
SEDIMENTS 





Quartz 
K-feldspar 
Andesine 
Labradorite 
Biotite 
Chlorite 
Hornblende 
Calcite 
Titanite 
Magnetite 
Pyrite 
Apatite 
Zircon 
Epidote 
Accessories 6.40 17 


4.83 1.18 


100.10 100.07 


100.08 


100.05 





. From contact zone of schist finger, Peak 167, Fosdick 
Range 

. From center of schist finger, Peak 167 

. Small xenolith, Peak 325 

. From center of large xenolith, Peak 310 
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gneiss. Specimens from their contacts contain 
hornblende, whereas those from their central 
portions do not. A photomicrograph of one of 
these contacts is shown in figure 44. 

The extent to which certain of the contact 
sediments were contaminated by the magma is 
amply demonstrated in table 2. Four Rosiwal 
analyses were made, two of xenoliths and two of 
schist fingers. One of each contains hornblende; 
the other two do not. All of the specimens con- 
tain more than 30 per cent plagioclase. This 
is in marked contrast to the situation in the 
sediments a short distance from igneous con- 
tacts. Here, only occasional grains of plagio- 
clase are found. 

Wade (19376: 1390), having carefully exam- 
ined specimens of schist and gneiss collected by 
Siple in the Raymond Fosdick Range, mentioned 
the possibility that some of the specimens might 
represent outcrops of the basement complex. 
Stewart (1941), upon comparing Wade’s thin 
sections with those of basement complex rocks 
from other parts of Antarctica, came to the 
conclusion that the schists and gneisses of the 
Fosdick Range are probably metamorphosed 
sediments. 

The writer has examined Wade’s slides and 
has found them to be identical with his own of 
the contact sediments from the Fosdick Range. 
It is quite possible that Siple’s specimens came 
from one of the numerous schist fingers. So 
far no rocks definitely related to the basement 
complex have been found in this area. 


VOLCANIC ROCKS 


Eastward from Mount Marujupu along the 
axis of the Fosdick Range there are a number of 
peaks which are composed of basic lava. The 
distribution of the peaks is shown in map 3. 
They appear to be mostly cinder cones. At 
Mount Marujupu, however, a pipelike body of 
this material cuts the granitic country rock 
(fig. 45). 

In 1934 Siple visited Peak 116 and brought 
back specimens which were described by Wade 
(1937a: 147-150) and subsequently analyzed by 
Fenner (1938), who identified them as olivine 
fourchite. The 1940 Biological Party covered 
all except the easternmost peaks of the Fosdick 
Range, and their extensive collection includes 
more than 50 specimens of the volcanic rocks. 

All of the specimens so far collected from this 
region are of basaltic composition. It is doubt- 
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ful whether other types of lava occur. To 
judge from the character of the samples, most of 
the volcanic material is scoriaceous ash. Some 
fairly dense specimens, presumably from flows, 
show olivine-rich segregations, from 1 to 10 cm. 
in diameter, enclosed in a black fine-grained 
groundmass. 

Fenner determined the olivine in these rocks 
to be a magnesian variety on the basis of both 
optical and chemical data. By using special 
equipment, he was able to segregate a number of 
the minerals in the rock. His careful study 
revealed the presence of magnesium pyroxene, 
picotite, feldspathoids, basic plagioclase, and 
iron ore. He states that the groundmass con- 
tains more than 60 per cent modal ferromag- 
nesian minerals. 

The occurrence of these cinder cones along the 
axis of the Fosdick Range, which is parallel to 
the regional structural trends in the area, 
suggests that the structure of the range in- 
fluenced their distribution. However, the na- 
ture of this relationship must remain obscure 
until further field work has been done. 

Since no volcanic rocks were found in the 
region except along the Fosdick Range, it is 
assumed that the activity was extremely local 
and that the volume of material extruded was 
not large. This observation, together with the 
fact that the original features of the cones are 
largely preserved, leads to the conclusion that 
the lavas are recent. 


STRUCTURAL GEOLOGY 


STRUCTURES OF THE SEDIMENTARY ROCKS 


Bedding 


The sediments consist of intercalated arena- 
ceous shales and argillaceous sandstones. Indi- 
vidual beds 10 feet thick are not uncommon. 
In the Passel Range one bed of medium-grained 
massive sandstone is nearly 50 feet thick, but 
this thickness is unusual. At a distance the 
intercalated layers stand out in sharp contrast, 
but at close range the variation in composition 
is less apparent. Many of the beds are finely 
laminated. There are no distinct horizon mark- 


ers, and the texture, thickness, and composition 
are exceedingly uniform. 


Cleavage 
All of the sedimentary rocks, except the layers 
which are very rich in quartz, show flow cleavage 
(fig. 47), which is due to the orientation of 
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micaceous minerals more or less parallel to the 
axial planes of the folds. The most common 
micaceous mineral is sericite. Biotite is found 
only in the proximity of igneous contacts, and 
chlorite is rare. Since much of the sericite was 
undoubtedly present in the original sediment, 
or originated from the decomposition of original 
minerals, it is thought that much of the paral- 
lelism is due to rotation rather than to recrystal- 
lization in a preferred direction. In many 
instances where the cleavage is poor, the rocks 
show unoriented sericite in thin section. 

The direction of the cleavage is essentially 
constant throughout that portion of the region 
which was investigated by the writer. It strikes 
N. 55°-70° W., and the dip varies between 
85° NE. and 75° SW. At some places it is 
nearly parallel to the bedding; at others the two 
intersect at a wide angle (fig. 46). 

Fracture cleavage was rarely encountered in 
the field. One of Wade’s thin sections (No. 105) 
of a specimen of sericite schist from the Haines 
Range shows fracture cleavage transecting earlier 
flow cleavage (fig. 48). The sericite flakes in 
the flow planes show appreciable drag, owing 
to displacements along the fracture planes. 


Folds 


The ranges of sediments in the central portion 
of the area yielded a much more complete 
picture of the folding than any other group of 
outcrops. These were mapped in detail, and 
the structure is that of a broad synclinorium. 
The two principal ranges are the Passel Range 
on the north and the Claude Swanson Range on 
the south (map 3). In the former the average 
strike of the bedding is approximately N. 45° W., 
and the dip is rather consistently 50° SW. In 
the latter the strike varies between N. 30° E. 
and N. 55° E., and the dip varies between 30° 
and 45° NW. Throughout both ranges the 
axial plane cleavage strikes approximately N. 
55° W. and dips almost vertically. Fold axes, 
measured along the intersection of cleavage and 
bedding, strike NW. nearly parallel to the 
cleavage and plunge 25°—50° in that direction. 

In the Passel Range the strike of the cleavage 
is nearly parallel to that of the bedding, whereas 
in the Swanson Range the two intersect at a 
wide angle. It is assumed, therefore, that the 
Swanson Range represents a section close to the 
apex of the synclinorium and that the Passel 
Range is well down on the northern limb. A 
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large portion of the southern limb is covered 
by ice. 

Minor outcrops of sediment are found along 
the ridge east of Peak 237. Here the beds are 
folded into a syncline, the axis of which strikes 
N. 45° W. and plunges 20° NW. This is the 
only secondary fold of any consequence encoun- 
tered in the central ranges. The estimated 
minimum radius of curvature is more than 2,000 
feet. Folds of this size have been found else- 
where in the region but none are smaller. 

North of the central ranges the sediments are 
covered. To the south, however, a number of 
outcrops are available, and. structural data, 
though fragmentary, indicate the presence of 
other northwest-trending folds. 

Along the contact which trends west from 
Peak 205 the strike of the sediments is N. 65° W., 
parallel to the contact, and the dip is 80° SW. 
This contact appears again at Peak 89 but is 
covered west of that point. It appears, however, 
at the northeast end of Peak 21, and there is 
little doubt that it bends around the Rea-Cooper 
Range in abroad arc. The sediments at Peak 89 
were not investigated, but to the southeast, 
at Peak 216, the beds strike N. 50° W. and dip 
50°-75° SW. Both here and at Peak 205 the 
cleavage is nearly parallel to the bedding. At 
Peak 21 the cleavage is obscure. The attitude 
of the bedding, however, is quite significant in 
that it strikes almost north and dips 75° W. 
away from the contact. Apparently the beds at 
Peaks 216, 205, and 89 bend around the Rea- 
Cooper Range, roughly parallel to the igneous 
contact, and connect with the sediments in the 
Claude Swanson Range. This means that the 
beds at Peak 21 are on the nose of a broad 
anticline, the axis of which plunges NW. and is 
roughly parallel to that of the synclinorium 
immediately to the north. 

Elsewhere structural data are less complete. 
Wade (1937a) determined the structure at 
Mount Woodward to be synclinal, and that at 
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the west end of the Haines Range to be anticlinal. 
In both instances he states that the fold axes 
strike northwest. Except for these two localities 
and a few scattered outcrops, the sediments in 
the southwestern portion of the area are covered. 

In the east central section, an interesting 
structure was found at Peak 330. This and 
lesser peaks comprise what appears to be a 
large roof pendant of sediment in the grano- 
diorite. Siple noted from the air that these 
sediments are aligned with dark outcrops at 
Peak 250 and Peak 318, which are several 
miles east and west respectively from Peak 330. 
It seems likely that the sediments comprise a 
lenticular body approximately 12 miles long 
and less than 2 miles wide (map 3). 

Although time did not permit more than a 
cursory examination of this body, it is evident 
that the structure is synclinal. The attitude of 
the bedding at Peak 330 is shown in figure 50. 
At the crest of the peak the beds are overturned. 
At the base they are nearly vertical but in some 
places dip 80°-85° south in normal sequence. 
The strike is nearly east, parallel to the northern 
contact. The bedding on Peaks 328 and 1328 
is obscured by talus. However, a number of 
places were found where readings could be taken. 
Between the two peaks, the sediments are 
transected by a large fault. Except where their 
attitude has been disturbed by drag along the 
fault, the beds dip 50° N. and strike N. 85° W. 
parallel to the southern contact. It is apparent 
that the syncline is slightly overturned to the 
south, and that its axis trends west-northwest 
parallel to those of the other folds in the region. 


Joints 


The most prominent system of joints in the 
sediments consists of the cross joints. They 
strike N. 15°-40° E. and dip 40°-60° SE. These 
are the only ones shown on the geological map 
(map 3). At the west end of the Passel Range 


Altitude of bedding at Peak 330. 
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they are exactly perpendicular to the fold axis. 
Elsewhere they are only approximately so. 


Faults 


At the west end of the Passel Range the 
sediments are cut by a large cross fault. The 
sandy beds along the fault zone contain dissemi- 
nated pyrite and are badly broken and altered. 
A similar fault zone was found at the west end 
of the Swanson Range. Here the beds are 
stained and altered for more than a quarter of a 
mile along the range. Since these two zones are 
in almost perfect alignment, it seems probable 
that they are one and the same fault zone. The 
displacement could not be measured in either 
instance, but the faults are steep and it is 
assumed that they are normal. Only minor 
faulting was found other than along cross 
fractures. 

STRUCTURES OF THE 


INTRUSIVE ROCKS 


Contacts 


At relatively few places in the region are con- 
tacts between sediments and plutonic rocks ex- 
posed, and not all of them have been invesigated. 


One of the best exposed is that of Mount Rea 
(fig. 49). Here aphophyses of granite interfinger 
with the contact schist. This same contact, as 
previously mentioned, is exposed at Peaks 89 
and 205. Another contact which has _ been 
visited is that at a point 1 mile northwest of 
Peak 230 (fig. 51). It trends north and is ex- 
posed again at the west end of Peak 244. The 
contacts on either side of the sediments at Peak 
330 are well shown in an aerial photograph (fig. 
63). The southern contact is with a lenticular 
body of leuco-sodaclase adamellite ; the northern 
one is with hornblende granodiorite. 

The contacts between intrusive rock and 
sediments in the Clark and Allegheny Mountains 
and that between the pink leuco intrusive and 
the mica granodiorite in the Fosdick Range are 
known only from photographs and from observa- 
tions made from a distance in the field. 

At all places where contacts have been investi- 
gated they are sharp and concordant. The 
sediments always strike parallel to the contact 
and dip steeply away from it. Concealed 
contacts have therefore been interpreted on this 
basis. 
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Flow Structure 


The flow structure in the granodiorite is too 
little known to give more than a generalized 
picture. Data are available only from the 
central portion of the area. The plutonic rocks 
in the Haines Range on the south and the 
Fosdick and June Ranges on the north have not 
been studied. It is significant, however, that 
in the central ranges, except for local variations, 
the strike of the flow planes is northwest, roughly 
parallel to that of the cleavage in the sediments. 
The dip of the planes is seldom less than 70° 
northeasterly or southwesterly. In most places 
the planar structure is not very prominent, 
but locally the rock is almost gneissic (fig. 
53). The flow lines are also steep, since they 
usually assume a maximum dip in the planes. 
Dips of less than 40° were not encountered. 
The average is approximately 65°. 

Along contacts the strike of the flow planes is 
parallel, or nearly so, to that of the bedding in 
the sediments. The dip is sometimes toward 
the contact and sometimes away from it, but it 
is always steep. Away from contacts the flow 
planes are aligned subparallel to the regional 
northwest trend of the structures in the sedi- 
ments. There is no evidence of doming or flat- 
tening of either the flow planes or lines toward 
the center of the instrusives. 

From his study of the Wolf Mountain phaco- 
lith in central Texas, Stenzel (1936) describes a 
flow pattern which corresponds very closely to 
that in the Edsel Ford intrusives. He states: 


The plane flow structure parallels the contact 
walls at the margins of the phacolith. But toward 
the interior it is less regularly disposed. It most 
certainly neither flattens out in the interior of the 
body nor arches over from one contact to the other, 
as in so many other granite bodies. Instead, the 
plane flow structure retains in the interior of the 
body the fairly steep dips that it possesses at the 
contacts. ... The linear flow structure in the 
country rock trends and plunges in the same 
direction. 


In this last respect the comparison with the 
Edsel Ford region does not hold. Whereas the 
fold axes in the sediments plunge on an average 
35° NW., the linear structure in the granodiorite 
is usually steeper than 60° and is oriented at 
random. 

The structures of the major intrusive, which 
occupies the central and northern portions of the 
area, suggest that the mass is related to a 
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subjacent body and is probably stocklike. The 
lesser bodies at Mount Saunders, Peak 250, the 
central part of the Haines Range, and Mount 
Grace McKinley (map 3) are probably similar, 
although structural data concerning them are 
not complete. 


Joints 


The two most prominent joint systems, in the 
sense defined by Balk (1937), are cross joints 
and longitudinal joints. These, and their rela- 
tions to the flow structures, are shown on the 
geological map. 

The cross joints are usually nearly perpen- 
dicular to flow lines. Since the flow lines are for 
the most part steep, the cross joints are ordi- 
narily flat (fig. 54,55). Locally, where the dip of 
the flow lines approaches 50°, the cross joints 
steepen accordingly (fig. 52). 

The longitudinal joints are nearly always 
parallel to the flow planes, since these are 
ordinarily the planes which contain the greatest 
number of flow lines. No radical departure of 
the lines from the planes was encountered. 

Diagonal joints are less well developed and 
more erratic than the other systems. Locally, 
however, they are quite prominent. At Peaks 


230 and 332 they form dip slopes (fig. 56, 57). 


The system at Peak 230 strikes NE. and dips 
45° SE.; that at Peak 332 strikes nearly E. and 
dips 45° N. 

Flat-lying joints of the type described by 
Balk are apparently lacking. Since the cross 
joints are nearly always flat, it is probable that 
a separate system of flat joints did not develop. 


Dtkes 


None of the dikes are large enough to be 
shown on the geological map without great 
distortion of scale. For the most part, the basic 
dikes follow the northwest system of longitudinal 
joints. A few of them occur along the northeast 
and east diagonal systems. The acid dikes show 
a preference for cross joints but are also found 
in the other systems. 


Faults 


Major faulting occurred along a N. 30° E. 
system of fractures which do not appear to be 
related to the linear flow structure in the 
granodiorite. They are, however, markedly 
parallel to the cross joints in the sediments and 
are therefore taken to represent regional tension 
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fractures. They are always steep (fig. 59) and 
are roughly perpendicular to flow planes. 

At Peak 330 the lenticular body of sediments 
and the intrusive rocks on either side are 
transected by a large fault zone of this type 
(fig. 58). The fault passes between Peaks 328 
and 1328 (fig. 50) and displaces the contact which 
bounds the southern margin of the sedimentary 
body. As nearly as it could be measured, the 
horizontal displacement is a little over 1,000 feet, 
and the east side moved north. This is one of 
the few places in the area where the direction and 
magnitude of displacement along a fault could 
be determined. 


Veins 

Quartz, carbonate, and a few sulfides, together 
with sericitic alteration, occur along northwest 
feather fractures which branch off the major 
faults. The faults themselves are pyritized and 
contain stringers of quartz and carbonate. 
Nothing of economic importance was encountered. 

Thin sections of vein material show that the 
carbonate is later than the quartz. Some speci- 
mens show two generations of quartz, the later 
of which appears to have brought in the sulfides. 


REGIONAL STRUCTURAL PATTERN 


It has been pointed out that the fold axes in 
the sediments are parallel and that they strike 
and plunge northwest throughout as much of the 
area as has been investigated. The axial plane 
cleavage of these folds is parallel to the flow 
planes in the granodiorite, except close to 
igneous contacts, where the flow planes are 
parallel to the contacts and to the bedding in 
the sediments. The contacts, like the flow 
structures in the plutonic rocks, are steep, and 
the sediments along them are abnormally 
inclined. Northeast regional tension fractures, 
which are perpendicular to the axes of the folds, 
transect both plutonic and sedimentary rocks. 
Along these, major faulting, which is presumably 
normal, has occurred. These factors suggest a 
close relationship between the forces which folded 
the sediments and those which controlled the 
emplacement of the plutonic rocks. The plu- 
tonic masses appear to have conformed generally 
to the structural pattern in the sediments and 
to have in turn distorted this pattern by forceful 
intrusion. 

Northwest-trending structures are persistent 
throughout the region. They are manifest not 
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118 LAWRENCE 
only in the fold axes of the sediments and in the 
flow elements of the granodiorite but also in the 
orientation of late albitic intrusions, like those 
at Peak 330. Furthermore, the recent cinder 
cones along the axis of the Fosdick Range show 
definite alignment in this direction. Virtually 


all structures are either parallel to, or sym- 
metrical to, the northwest regional strike. 


CORRELATION OF STRUCTURAL AND 
PETROGRAPHICAL DATA 


The synclinal structure of the central portion 
of the area has been explained. It has also been 
indicated that the intrusive rocks in this part of 
the region are predominantly hornblende-bearing. 
Indeed, all of the known intrusive hornblende- 
bearing rocks in the area are confined to a belt 
approximately 10 miles wide which trends a 
little north, of west, roughly parallel to the axis 
of the synclinorium (map 3). 

Along the Rea-Cooper Range, the rocks are 
muscovite-bearing. Specimens from the north- 
east portion of the range include leucogranite, 
leucosyenite, and leuco-sodaclase granodiorite. 
The outcropping plutonic rocks to the east of 
this area have been investigated as far as Peak 
203, and no hornblende-bearing varieties have 
been found. It was pointed out that these rocks 
were intruded along the axis of a northwest- 
trending anticline. 

The geology of the Fosdick Range has not 
been mapped, and consequently very little is 
known of the structure. From the notes, speci- 
mens, and photographs brought back by the 
men who have visited the range, together with 
observations made from the air, it is possible to 
make certain inferences. 

The occurrence of fingers of schist in the 
intrusive rocks has been mentioned. These are 
well illustrated in both ground and _ aerial 
photographs, which also indicate the general 
gneissic character of the rocks (figs. 60, 61, 62, 
64). Richardson’s compass readings on these 
schist fingers indicate that, in general, they strike 
NW. and dip 40°-60° S. In the light of what is 
known about the structural pattern of the sedi- 
ments, they are most logically expiained as 
remnants of the south limb of an anticline along 
which the plutonic rocks have interfingered with 
sediments. Since all of his observations were 
made on the southern side of the range, the main 
portion of the range should be along the axis of 
the anticline. 

Petrographically, the rocks are essentially the 
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same as those in the Rea-Cooper Range. Of the 
30 specimens of plutonic rocks which were 
brought back by the 1940 Biological Party, 11 
thin sections were made and none of them 
contain hornblende. A number of the samples 
are granites rather than granodiorites, and several 
are leuco varieties.. Five specimens were ana- 
lyzed, and their modal compositions are given in 
table 1 (nos. 6, 7, 8, 9, 12). 

In 1934 Siple collected, at Peak 116A, a 
specimen of what appears in thin section to be 
hornblende granodiorite. His description of the 
peak, however, indicates that the rock is ex- 
tremely gneissic, consisting essentially of fingers 
of schist which have undergone lit-par-lit injec- 
tion (personal communication, P. A. Siple). It 
has been shown that the contact zones of these 
schist fingers are hornblende-bearing and that 
in some instances they closely resemble igneous 
rocks (table 2). In view of these facts, the 
writer feels that Siple’s specimen may have 
come from a portion of the exposure which had 
undergone contamination. Of the rocks which 
the 1940 Biological Party collected at Peak 116A, 
the only one which appears to represent uncon- 
taminated igneous rock is a muscovite granite 
(table 1, spec. no. 9). 

The association of the more acid portions of 
granitic batholiths with domes and anticlines on 
the roofs of these bodies has been amply demon- 
strated (Emmons, 1933). The intrusive rocks 
in the Edsel Ford Ranges bear out this principle. 
In the central synclinal portion of the area the 
intrusive rocks are predominantly hornblende- 
bearing, whereas in the anticlinal regions on 
either side only muscovite-bearing rocks are 
found. 

The strict conformity between the structures 
in the sediments and those in the plutonic rocks 
suggests that folding and intrusion were in part 
contemporaneous. The parallelism of the axial 
plane cleavage in the sediments with the flow 
planes in the granodiorite suggests that both 
structures originated as a result of directed 
stresses which affected the rocks simultaneously. 
Since there is no cataclastic deformation in the 
granodiorite, it must have been partially fluid at 
the time the forces were applied. 

It seems probable that the folding of the 
sediments to a large extent controlled differ- 
entiation. The volatile constituents of the 
magma would be expected to migrate into the 
anticlinal structures, leaving synclinal portions 
relatively poor in mineralizers. Thus it would 
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Official U. S. A. S. aerial photo 


Fic. 63. Sediments at Peak 330 (center). Ridge on right is composed of hornblende 
granodiorite. South contact (left) is with leuco-sodaclase adamellite. 


Official U 4S. A. S. aerial photo 


Fic. 64. Large finger of schist in granodiorite, Peak 162, Fosdick Range. 
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be possible for magma in anticlines to remain 
fluid after that in synclines had consolidated, and 
the reaction series would continue in the former 
for some time after it had been terminated in 
the latter. 


SUMMARY AND CONCLUSIONS 


The Southern Edsel Ford Ranges comprise an 
area of approximately 7,000 square miles of 
mountainous coast land in the northwestern 
portion of Marie Byrd Land. The area was 
visited in 1934 by Wade and Siple, and again in 
1940 by the writer and his associates. Rock 
samples have been collected in all but the 
southwestern and extreme northern sections, 
and the structures and formations of the central 
and southwestern portions of the area have, for 
the most part, been mapped. A number of 
flights have been made over the region, and 
several hundred aerial photographs of the expo- 
sure have been taken. These have aided sub- 
stantially in supplementing the information 
obtained in the field and in the laboratory. 

The oldest rocks comprise an undifferentiated 
series of dark fine-grained sediments which have 
a minimum thickness of over 15,000 feet. 
Fossils are lacking, and the age of the series is 
therefore undetermined, but the texture and 


mineralogy of the rocks suggest that they were 
derived from a quartz-rich metamorphic complex. 

The sediments were folded into broad anti- 
clines and synclines and intruded by a large 
stocklike body of granodiorite and several smaller 
ones which presumably are of similar character 


and composition. High-grade metamorphism is 
found only in the immediate proximity of 
igneous contacts, although all of the sediments 
show metamorphic effects which are thought to 
have been produced by combined thermal and 
dynamic agents. 

Late acid differentiates of the granodiorite 
magma intruded both the parent rock and the 
sediments. These appear to have roughly 
elliptical outlines, but in some places only the 
apophyses and stringers of presumably larger 
bodies are found. They and the granodiorites, 
as well as the sediments, are transected by 
several systems of dikes, which, because of their 
composition and their antecedence to post- 
magmatic faulting and mineralization, are con- 
sidered to belong to the igneous sequence which 
brought in the granodiorite. They are chiefly 
either aplitic or diabasic in texture and composi- 
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tion. Representatives of pegmatitic and inter- 
mediate types are rare. 

Tectonic and magmatic events were followed 
by a long erosion interval which denuded the 
intrusive rocks. At some time during this 
interval the present ice cover accumulated, and 
since then glaciation has aided materially in 
establishing the topography. Recently, local 
volcanic outbursts occurred along the axis of the 
Raymond Fosdick Range, and small amounts of 
basic lavas and ash were extruded. 

The structural elements in both the igneous 
and the sedimentary rocks trend northwest. 
The fold axes in the sediments all plunge in 
that direction. The flow planes in the grano- 
diorite are parallel to the axial plane flow 
cleavage in the sediments. Both the intrusive 
and the sedimentary rocks are transected by a 
system of regional tension fractures along which 
major faulting has occurred. These factors 
suggest a close relationship between the folding 
of the sediments and the intrusion of the plutonic 
bodies. Since contacts and flow structures are 
steep, the bodies are thought to have been 
forcefully emplaced along zones controlled by 
the structure of the sediments. 

Petrographically, the plutonic rocks are divi- 
sible into a hornblende and a muscovite facies. 
Members of the former show definite affinity 
for synclinal structures; those of the latter are 
confined primarily to anticlines. The horn- 
blende-bearing rocks are tonalites and grano- 
diorites. The muscovite-bearing rocks include 
granodiorite, adamellite, and granite, together 
with leuco and sodaclase varieties of these. All 
of the rocks are relatively rich in quartz. The 
plagioclase feldspars are zoned, and the potash 
feldspars, with few exceptions, show perthitic 
intergrowth. 

On the basis of the available field and labora- 
tory data the writer submits the following 
conclusions: 


(1) The folding of the sediments influenced the 
emplacement of the plutonic bodies and their 
differentiation. 

(2) The granodiorite intrusions are late syn- 
tectonic with respect to the folding in the 
sediments. 

(3) Differentiation was controlled by the 
migration of available volatile constituents into 
anticlinal axes, leaving the synclinal portions 
poor in mineralizers. 

(4) The virtual absence of pegmatization, ore- 
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deposition, and contact metamorphism indicates 
that the magma was relatively dry. 
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SEDIMENTARY ROCKS OF THE SOUTHERN EDSEL FORD RANGES, 
MARIE BYRD LAND, ANTARCTICA 


CHARLES F. PASSEL 


Geologist, West Base, U. S. Antarctic Service 


INTRODUCTION 


THE Southern Edsel Ford Ranges include an 
area lying between longitudes 141° 30’ and 148° 
30’ W., and between latitudes 76° 20’ and 78° S. 
The area, as estimated by Siple,! comprises 
approximately 21,000 geographical square miles 
(27,809 statute square miles). Most of the 
western border is occupied by shallow seas, 
islands, and littoral ice. The only navigable 
water, however, is in the extreme northwestern 
section of the region, where the U. S. S. Bear 
entered the water for the first time in 1934 and 
again in 1940. 

The southern and eastern boundaries of the 
region are intimately joined to the high inland 
plateau of the continent by undulating highland 
ice which lies conformably over mountain peaks 
rising 4,000 to 5,000 feet.in height. Farther 
beyond the limits of the Southern Edsel Ford 
region the landscape assumes the characteristic 
of unbroken inland ice, with an average altitude 
ranging between 5,000 and 7,000 feet. 

The Southern Edsel Fords were first sighted 
on December 9, 1929, by Rear Admiral R. E. 
Byrd, U. S. N. (Ret.)? and members of his 
flight crew—McKinley, June, and Parker. Fur- 
ther reconnaissance was accomplished by addi- 
tional flights on the Second Byrd Antarctic 
Expedition. These flights included the north- 
western, western, and southern borders of the 
mountainous areas. In 1934 a party of four 
men, under the leadership of Siple,’? penetrated 
the region more thoroughly by a land recon- 
naissance, traveling for three months by dog 
team and skis. Wade,‘ geologist of the party, 
determined that the region possessed large 
batholitic intrusive outcrops composed of granite, 
leucogranite, and older bodies of granodiorite. 


1P. A. Siple, leader, West Base, U. S. Antarctic Service 
Expedition, 1939-1941. 

2 Byrd, R.E. Little America, 350. New York, 1930. 

8’ Byrd, R. E. Discovery, 316-348. New York, 1935. 

*Wade, F. A. Petrologic and structural relations of the 
Edsel Ford Range, Marie Byrd Land, to other Antarctic 
mountains. Bull. Geol. Soc. America 48: 1388, 1937. 
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The pink, gray, and brownish igneous rocks 
make a striking contrast to the wide-spread 
areas of low-grade metamorpnosed sediments, 
which are characteristically of a dark color. 

Astronomical fixes and reconnaissance triangu- 
lation by Siple served as groundwork for the 
first map of the region prepared by Saunders in 
1935. Detail maps, however, were not con- 
structed until 1940 at West Base, Little America 
III, owing to the advancement of the ground con- 
trol beyond the usable limits of the aerial photo- 
graphs. 

In 1940 the Southern Edsel Ford region was 
again visited by trail parties. One of the main 
objectives of the West Base of the United States 
Antarctic Service was to explore more thoroughly 
and to map the Edsel Ford region, in an effort to 
determine more of the characteristics of the 
Pacific Quadrant of Antarctica. 

Also during 1940 six photographic flights were 


made over the Southern Edsel Ford region. 
Siple, who was navigator and observer on all of 
the 1940 flights, had an excellent opportunity to 
view the region in detail from the air as well as 
from the land surface in 1934. 


DISTRIBUTION OF SEDIMENTARY OUTCROPS 


The sediments of the Southern Edsel Ford 
Ranges may be divided into three major areas 
with respect to the geological map. These are 
the west central, the southwestern, and the south- 
eastern sections of the area. Of these three sec- 
tions, all except the southeastern have been 
visited by either the 1934 or the 1940 trail parties. 
However, this section has been observed from 
the air; both by flying directly over the 360 
group, and over the 370 group, and from the 
tops of peaks some miles to the northwest. The 
rocks in this region are, for the most part, 
sedimentary, and the stratified appearance and 
characteristically dark color make them readily 
distinguishable from the pink and gray-brown 
igneous rocks. 

The southwestern section is better known. 
In 1934 Wade and Siple visited the western ends 
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of the Garland Hershey Ridge, the Haines 
Mountains, and Mount Donald Woodward.. 
The former two outcrops are arranged in parallel 
ridges and in general strike to the northwest. 
The central portion of the Haines Mountains 
consists of brownish granite, while both ends are 
sedimentary with two or more small inclusions 
within the igneous area. 

Mount Donald Woodward is composed of 
sediments; so also are isolated Peaks 215, 253, 
254, and 255. Peak 215 is located about 11 miles 
to the southeast of Mount Donald Woodward. 
Peaks 253, 254, and 255 are a few miles farther 
to the south of Peak 215. Peak 250 is a granite 
peak, but part of 251 and the northwest tip of 
252 are sedimentary. A short range of sedi- 
ments, consisting of Peaks 219, 209, and 216, 
borders the northern boundary of the Ames 
Glacier. These sediments terminate at the 
granite contact at Peak 89. The contact runs 
east from Peak 89 to Peak 205. Sediments out- 
crop on the south side of the range, extending 
from Peak 205 to Peak 206. These latter ranges 


were visited by Warner and Passel in December, 
1940. 

The sediments in the west central section are 
better known than in either of the other two 
sections, because the major outcrops have been 


visited by either the 1934 or the 1940 parties, 
and some by both. The sediments occur in two 
main ranges which trend slightly to the north- 
west. These are the Claude Swanson Range on 
the south and the 231 group (fig. 1) on the north. 
Smaller ranges are the 237, 73, and 72 groups. 
The 237 group is located to the northeast of the 
Claude Swanson Range, and its eastern boundary 
terminates at the granite contact at Peak 230. 
The 73 and 72 groups are to the northwest of 
Peak 231. Sediments also outcrop at the very 
southeastern tip of Peak 19 at the granite con- 
tact of Mount Saunders and immediately west of 
the contact at Peak 21 and Mount Rea, with two 
tiny outcrops between them. 

About 10 miles to the east and a little north 
of the Claude Swanson Range there is an isolated 
block of sediments which is completely sur- 
rounded by granite. The main body of sedi- 
ments is composed of Peaks 328, which is the 
boundary on south, and 330, which is the central 
peak, and 1330, which is immediately south of 
the contact at Peak 326. These sediments may 
continue as far east as Peak 350 and as far west 
as Peak 318. Aerial observations made by Siple 
on one of his several flights over the region, as 


F. PASSEL 


well as aerial photographs, seem to support this 
supposition. If this is true, the sediments then 
would form a lenticular mass which extends 
about 15 miles from 350 on the-east to 318 on the 
west. The width is limited because of the 
associated granite outcrops. 

Three small sedimentary outcrops, including 
Peak 290, are located in the middle of the War- 
pasgiljo Glacier between the Claude Swanson 
Range and the Rea-Cooper group. 

All of the other peaks in the vicinity are ig- 
neous. The rocks consist of pink, gray, and 
brownish granite, diorites, leucodiorites, and 
volcanic rock. Numerous aplite dikes, dark 
dikes, and quartz stringers are present. War- 
ner’s work will include the general description 
of the igneous intrusives, as well as structure and 
detailed description and discussion of rocks 
present in the specific peaks. 


STRUCTURAL INTERPRETATION 


In the southeastern section the structure is 
not known. However, in the southwestern 
section several significant clues are available. 
The beds at the northwestern end of the Garland 
Hershey Ridge were determined by Wade® to 
dip steeply to the southwest and to strike roughly 
to the northwest. These observations led him 
to assign to the range an anticlinal structure. 
The 1940 party, in passing through the region, 
observed that the bedding at Peaks 55 and 56 
had a general southwesterly dip. It was not 
possible to carry on detailed investigation. The 
Haines Mountains have a general northwest 
trend, and the beds have a similar dip to the 
southwest. Mount Donald Woodward has a 
synclinal structure, and the bedding appears to 
have a more northerly strike. 

The sediments of the back range which includes 
Peaks 216, 209, and 219 strike to the northwest 
and dip to the southwest. The small outcrop 
of sediments south of the contact at Peaks 205 
and 206 is similar. The data supplied by Wade 
concerning the Haines Mountains and Mount 
Donald Woodward indicate that the structure 
may be open folds which trend to the northwest. 
It is significant that all the strikes so far reported 
from this region have a general northeast trend. 

The major peaks in the west central section 
were visited by the 1940 party, and the struc- 
tures have been mapped in some detail. In the 
Claude Swanson Range the bedding strikes to 


5’ Wade, F. A., op. cit. 
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Fic. 1. 


A portion of the Edsel Ford Ranges. 


ROCKS OF THE EDSEL FORD RANGES 


Official photograph, U.S. Antarctic Service 


The peaks in the foreground (231 group) 


are composed of sedimentary rocks. 


the northeast and dips moderately to the north- 


west. The cleavage (figs. 2, 3) is well defined 
and strikes to the northwest, with the intersec- 
tion of cleavage and bedding planes plunging 
rather steeply in that direction. The structure 
is that of a synclinorium, and the limbs are 
crenulated. 

A syncline was mapped in the 237 group, and 
it is possible that similar folds occur elsewhere in 
the section. The bedding has a general strike 
to the northwest and dips steeply to the north- 
east. Near_the contact at Peak 230 the beds 


dip to the southwest. This sudden change in 
dip is indicative of a sharp syncline. The 
structural picture would probably be more 
complicated if it were possible to get readings 
from the snow-covered ridges in the region. 
However, with the data on hand, it is thought 
that the general pattern presented is essentially 
correct. 

The structural picture of the 330 group is 
complicated. The beds all have a general strike 
to the northwest. At Peak 328, adjacent to the 
igneous contact in the southwest, the beds dip 
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Photos by Passel 


Fics. 2 and 3. Cleavage, jointing, and bedding 
as seen at Peak 245. 


to the northeast. However, at Peak 1328 the 
beds dip to the southwest. A fault is significant 
between these two peaks with a general strike 
to the northeast. This fault is responsible for 
the sudden change in the dip of the sediments in 
this region. At Peak 330 the beds strike north- 
south and dip steeply to the west. Near the 
crest of the peak, the dip is nearly vertical. 
Peak 1330, which is the northern boundary of the 
sediments near the igneous contact at Peaks 325 
and 326, is the northwestern nose of Peak 330. 
At this point the bedding appears to be over- 
turned and dips to the northeast. The igneous 
contact in this region strikes generally in an east- 
west direction. It is interesting to note that the 
granite at this point is the gray granite which 
predominates in the Edsel Fords, whereas the 
granite to the south of the sedimentary mass is 
pink. 

Structurally, the 330 group appears to be an 
anticline which is closely folded with the beds 
to the north overturned. It is difficult to give, 
structurally, a wholly correct interpretation, 
owing to the proposed lenticular shape of the 
sedimentary mass and because of the igneous 
boundaries which limit the structural observa- 
tion to a short 2 miles. 

The beds exposed on the northwestern tip of 
Peak 21 of Mount Rea supply a possible con- 
necting link between the sediments in the south- 
western and west-central sections. The strike 
of the bed is to the northeast, and the dip is 
nearly vertical. It is reasonable to suppose that 
the sediments in the Claude Swanson Range 
swing around the Rea-Cooper group, continuing 


under the Ames Glacier and being again exposed 
at Mount Donald Woodward. 

Immediately south of the synclinorium of the 
west central section is a corresponding anti- 
clinorium which also plunges to the northwest. 
The fold axis has been badly distorted by the 
granite intrusion. 

The combined data of the 1934 and the 1940 
parties leads to the supposition that the general 
structural pattern is a series of northwest-trend- 
ing, broad open folds with minor crenulations 
whose axes are partly parallel to those of the 
major folds. Intricate folding and distortion 
by the granite intrusions has made the whole 
structural interpretation complicated. 


MINERALOGY OF SEDIMENTS 


Quartz is the most abundant mineral in the 
sedimentary rocks. The grains are, for the most 
part, subangular to rounded detrital grains 
(fig. 4). Finely crystalline quartz is present as a 
cementing material. The grains commonly show 
undulatory extinction, and the basal sections 
frequently give a biaxial interference figure. 
Many of the grains contain inclusions of rutile(?), 
zircon, and possibly tourmaline. 

The grains usually make up 50 to 60 per cent 
of the large constituents present. The crystal 
outline is etched and irregular, and many of the 
grains are broken. Some of the larger pebbles 
are quartzitic and possess a mosaic pattern when 
seen between crossed nicols. It is probable 
that these rounded pebbles are not products of 
diagenesis or metamorphism, but are derived 
from fine-grained quartzites. 


Fic. 4. Photomicrograph of coarse-grained sandstone 
collected at Peak 1245. X15. 
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Carbonate.—The presence of carbonate seems 
to be limited to the Claude Swanson Range and 
the 231 group. In studying the thin sections of 
sandstones taken throughout the region, there 
is a noticeable absence or paucity of carbonate 
in the 237, 205, and 330 groups. The carbonate 
is commonly calcite, and much of it shows twin- 
ning parallel only to the long diagonal, or no 
twinning at all. Some of the larger crystals 
show twinning parallel to both the long and the 
short rhombic diagonals. This may be dolomite. 
Frequently carbonate is associated with limo- 
nite formed around the thin edges. This, 
along with a change of relief upon rotation in 
polarized light, may suggest an iron-bearing 
carbonate, siderite, ankerite, or ferrodolomite. 
The origin of the carbonate is questionable. 
Many of the large calcite rhombs may be formed 
by recrystallization brought about by meta- 
morphism. It is clear that the large angular 
grains are not detrital. Warner suggests that 
since many of these grains include none of the 
quartz matrix and are subhedral in outline, they 
originated during diagenesis when the uncon- 
solidated sediments afforded them room to grow 
without crowding. 
Carbonate is abundant as a cementing ma- 
terial in a few specimens collected from the 
It is possible that 


Claude Swanson Range. 
much of the carbonate is introduced secondarily 
by solutions which penetrate the rock through 


pores and along fractures. A few calcareous 
pebbles are present. 

Porphyroblasts of carbonate occur in the 
calcareous sericite schists in the northeastern 
peaks of the Haines Mountains. These contain 
oriented inclusions of matrix. 

Sericite—In most cases, this is second only to 
quartz in abundance and occurs universally 
throughout the region. Sericite is common in 
the matrix as thin, shredded components which 
usually have a subparallel arrangement which 
gives the rock a _ semischistose appearance. 
Inclusions of dustlike particles, probably mag- 
netite, suggest that they might have been 
iron-rich minerals which altered easily to seri- 
cite under prevailing post-diagenetic conditions. 
Pseudomorphs of sericite after mafics and former 
detrital grains are common. Sericite is usually 
associated in the groundmass with finely crystal- 
line quartz, carbonate, muscovite, and fre- 
quently a limonite binder. 

Muscovite—This occurs quite universally 
throughout the region. The flakes are fre- 
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quently large and semi-angular. Many flakes 
have a ragged, etched appearance. Muscovite 
also is present as lath-shaped crystals which 
cut the quartz and are often associated with 
biotite. 

Biotite—In most cases this is sparsely dis- 
tributed throughout the sediments, and in 
some specimens it is lacking. In the 237 group 
no biotite was found in the west and central 
parts of the range; however, in the east, near 
the igneous contact at 230, biotite is abundant. 
The presence of biotite was first observed in a 
thin section from outcrop 5237. The biotite in 
the 237 group is probably a secondary product 
of recrystallization due to the proximity of the 
igneous contact. Biotite is quite prominent 
in the vicinity of all the contact zones and in 
many cases completely changes the character- 
istics of the rock. Remnants of biotite in 
flakes of chlorite are found, and this might sug- 
gest that much of the chlorite in these rocks is 
altered from detrital biotite. 

Chlorite—This does not occur universally 
throughout the sediments and is never abundant; 
however, the flakes are frequently large. Dust- 
like particles, probably magnetite, are present 
in many of the chlorite flakes, and this might 
support the supposition of their origin from 
detrital biotite. Chlorite is often intergrown 
with muscovite. 

Chloritoid is present in a number of the thin 
sections studied and appears to be prominent in 
the 237 sediments. It is determined by a 
“‘semi-hourglass’’ structure. 

Feldspar plagioclase is present in all of the 
thin sections studied, but only in small amounts. 
Measurements of extinction angles were taken 
when it was possible to find enough grains present 
so that the readings would be reasonably accur- 
ate. The least maximum angle obtained was 
13°, and the greatest was 18°. When this was 
not possible, the indices of the plagioclase were 
checked against quartz. 

The above data, though not conclusive, indi- 
cate that albite is a persistent mineral through- 
out the sediments. Some of the plagioclase may 
be andesine, since several grains show an ex- 
tinction angle of 21°. The plagioclase grains, 
like quartz, are subangular to rounded in shape. 
Although alteration was not noticeable, some 
of the plagioclase in the 237 group shows altera- 
tion to sericite and kaolin. 

Although several grains of perthitic microcline 
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were seen, nothing identifiable as orthoclase or 
more basic plagioclase was found. 

Ilmenite and leucoxene occur in varying amounts 
in all of the sediments. In the majority of the 
thin sections observed, leucoxene was dominant 
over ilmenite. The percentage of these minerals 
present would probably be 5 in most cases, al- 
though in a few slides leucoxene is abundant. A 
number of slides show ilmenite partially altered 
to leucoxene. 

Titanite—A few honey-yellow grains were 
noted with high indices and birefringence. These 
are associated with leucoxene and ilmenite. Be- 
cause of their small size, obscuring color, and 
alteration, their determination is not definite. 

Tourmaline occurs sparingly in nearly all the 
sediments. The mineral is pleochroic from 
colorless to greenish brown. 

Apatite occurs in all the rocks as an accessory 
constituent. The color is usually brown. 

Kaolin is present as a secondary constituent 
but appears to be limited in its distribution. 

Rutile occurs in a number of the thin sections, 
and is especially prominent in the 231 and 237 
sediments. Rutile is present as grains and more 
commonly as needle inclusions in the quartz. 

Hematite is scattered throughout the sediments 
in varying amounts. In some localities it is 
totally absent, and in others distinct crystals are 
present which are blood-red on thin edges and 
partially altered to limonite. Megascopically, 
hematite is present in the Claude Swanson 
Range and in the 231 group as outstanding 
brown spots. These are partially altered to 
limonite. 

Limonite occurs sporadically and in varying 
amounts. In some localities it is totally absent, 
and in others it occurs as minute particles in the 
groundmass, as a binder, or on the thin edges 
of hematite and siderite. It is not likely that 
all of the limonite originated from the alteration 
of iron-bearing minerals, since Warner reports 
that some of Wade’s thin sections contain 
abundant limonite without carbonate being 
present. Although small amounts may be prod- 
ucts of alteration, it is probable that where limo- 
nite is found in excess of iron-bearing minerals, 
it has been introduced by percolating solutions. 

Magnetite occurs as dustlike particles in bio- 
tite and chlorite, and as dark grains scattered 
throughout the sediments. 

Pyrite—When present, pyrite shows good 
crystal boundaries in thin section. In the field 
disseminated pyrite was found to occur in the 
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sediments adjacent to faults and veins and in the 
proximity of contact zones. It is probable that 
much of the pyrite is of hydrothermal origin. 

Diopside——Porphyroblasts of diopside occur 
in specimens collected by Wade from the contact 
zone at Mount Donald Woodward. 


STRATIGRAPHY 


All through the region the sediments are of a 
dark color and are uniformly fine-grained. 
However, in fault zones where iron stain is pro- 
nounced, the rocks have a reddish-brown color. 
This effect is especially noticed in the Claude 
Swanson Range in the fault zone between Peaks 
1205 and 225. This change in color is probably 
due to disseminated pyrite which has altered to 
iron oxide. 

The sediments consist of alternating beds of 
shale and sandstone which show the effects of 
low-grade metamorphism. In the series the 
beds often reach a thickness of 10 feet. Just 


east of Peak 247 Warner reports a sandy horizon 
However, most of the beds are 
bedding, 


of nearly 50 feet. 
comparatively thin, with distinct 
laminae being present in the shales. 

The sediments are similar throughout the 
entire region megascopically,. and from a thin- 
section study of numerous rock specimens col- 
lected by both the 1934 and the 1940 parties, it 
was observed that the same suite of minerals is 
common to the entire series as known at present. 
No fossils were found, and there have been no 
clear horizon-markers identified either in the 
field or in the laboratory. Because of this lack of 
evidence it has been impossible to determine the 
age of the rock or to subdivide the stratigraphy. 

With the known structural pattern of the 
sediments, however, it is possible to propose 
relative positions of certain outcrops with respect 
to the stratigraphic sequence. Also, reasonable 
inference may be made regarding the thickness 
of the sediments. 

First, it is logical to assume that the igneous 
intrusives domed the strata during their emplace- 
ment since at all of the known contacts the 
sediments dip steeply away from the igneous 
rock. This would lead one to believe that 
younger strata would be encountered outward 
from the main igneous mass, which occupies the 
central and northern positions of the area. 
With this in mind, then it might be possible to 
assume that the sediments in the Haines Moun- 
tains are younger than those at Mount Donald 
Woodward and hence at the Claude Swansons. 
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This can only be a general supposition, because 
it is impossible to know the extent to which 
minor faulting, folding, and intrusion have 
disturbed the relationship. 

Warner obtained a figure of a little over 15,000 
feet for a minimum estimate for the total thick- 
ness of the series. This figure is reasonable, 
and an indication of the thickness of the sedi- 
ments may be had in the stoped blocks found 
at Mount Cooper. The granite in this range is 
quite coarse-grained; and this condition would 


necessitate deep-seated, slow cooling which would . 


take place at a depth of 4 to 5 miles. 

If the series of sediments in the Edsel Fords 
are as thick as they appear, they are probably 
the thickest series of undifferentiated sediments 
on record. In order to determine accurately the 
total thickness, much more field work is neces- 
sary, involving careful measuring of sections. 
This was not possible because of the limited 
time in the field afforded the 1940 party. 


ORIGIN OF SEDIMENTS 


It is difficult to determine the source of this 
material. The abundant and universal occur- 


rence of subangular to rounded quartz grains, 
and the presence of rounded quartzite pebbles, 


may lead to the supposition that the material 
may have been derived partially from quartzites 
or low metamorphosed sediments. All of the 
rocks studied have more or less the same suite 
of minerals, and for this reason their mineralogy 
is of little value in interpreting their origin. 
Any presence or absence of an individual mineral 
may be indicative, but at present this is not 
significant. 

The presence of many strained quartz grains 
showing wavy extinction and broken faces, 
appears to substantiate the inference that the 
source was metamorphic. 

There are four possible modes and environ- 
ments of deposition which may be considered. 
First, it is hardly possible for the sediments to 
have been deposited by wind, owing to angularity 
of the grains. Equally impossible is glacial dep- 
osition, since the grains are subrounded and 
sorted. It is not likely that a lacustrine origin 
is possible, since one would have to account for a 
large-sized lake in which subsidence kept pace 
with deposition. Another factor against a 
lacustrine origin is the depth of the water. 
Even a large lake would probably not have a 
depth of more than 2,000 feet. A fluviatile 
deposition does not seem possible, because no 
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apparent channel gravels were encountered at 
frequent intervals. Lastly, a marine origin is 
to be considered. This environment of de- 
position seems to be the logical possibility fitting 
the known facts. However, a disturbing factor 
in the acceptance of a marine origin is the lack of 
fossils, or at least the paucity of fossils, through- 
out the whole region. 

There are a great many questions still to be 
answered concerning the problems encountered, 
and it is impossible to draw any definite conclu- 
sions. However, detailed exploration and study 
of the outcrops in the untouched southeastern 
section of the area may illuminate many prob- 
lems encountered in working up the geology of 
the southwestern and west central sections of 
the Southern Edsel Ford Ranges. 


PETROGRAPHY 
(Contributed by LAWRENCE A. WARNER) 


Grain Size-—Measurements with the microm- 
eter ocular indicate that the largest quartz 
grains in the coarser sediments have maximum 
diameters of a little less than 1 mm. The ratio 
of maximum to minimum diameter is roughly 3.2. 
The finest particles are submicroscopic in size, 
and there are all gradations between large and 
small, even in the same specimen. It is safe to 
say that the average grains in even the coarser 
beds have mean diameters of considerably less 
than 0.5 mm. 

Composition.—Because of the fine-grained 
texture of the rocks and their wholly indurated 
character, quantitative determinations by the 
usual methods are difficult. However, approxi- 
mate determinations were made in thin sections 
of the coarser specimens by use of the micrometer 
ocular, and rough estimates, based on these 
percentages, were then made for 15 representa- 
tive samples. From these estimates the ap- 
proximate percentages of sand, clay, and lime 
in each of the samples were computed. Pebbles 
of quartz, plagioclase, and accessory minerals 
were computed as sand. Carbonate was com- 
puted as lime. And the micas and remaining 
matrix were computed as clay. 

The figures thus obtained for sand range from 
35 to 70 per cent; for clay, from 25 to 40 per cent; 
and for lime, from 0 to 25 per cent. Plagioclase 
never amounts to more than 5 per cent of the 
total constituents, and in most cases it is much 
less. 

It has already been mentioned that the com- 
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position of the sediments in the west central sec- 
tion varies from those in the Haines Mountains 
and Garland Hershey Ridge. The samples from 
between Peaks 231 and 245 appear to contain 50 
to 60 per cent quartz and from 0 to about 15 
per cent carbonate. Those from the Haines and 
Hershey peaks contain from 30 to 50 per cent 
quartz and from 10 to 25 per cent carbonate. 
The variation in shaly constituents is not so 
noticeable. 

Classification.—According to Grout,’ a sand- 
stone with more than 25 per cent clay content 


begins to look like a shale, but it can contain up . 


to 80 per cent carbonate and still appear sandy. 
On this basis, it is clear that the above rocks 
should have the appearance of arenaceous shales 
with very few good sandstones and nothing 
characteristic of limestone. This corresponds 


®Grout, F. F. Petrography and petrology, 283. New 
York, 1930. 
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very closely to what was actually observed in the 
field. 

The original sediments have not been greatly 
changed by metamorphism, which was more a 
process of induration than of recrystallization, 
except in the vicinity of contacts. However, 
because of the indurated character of the rocks, 
metamorphic names are probably ‘more ap- 
propriate than their sedimentary equivalents. 

Accordingly, nearly all of the samples col- 
lected may be classified as quartzites, slates, and 
gradational types between the two, the latter 
being most abundant. Since all of the shaly 
members show a prominent cleavage, argillite is 
hardly a proper term. Close to the granite, 
biotite becomes a prominent constituent and the 
rocks become schistose. Transitional between 
the quartz slates and the biotite schists are 
phyllites in which oriented sericite accounts for 
the noticeable foliation. 
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LOCATION AND GENERAL GEOGRAPHY OF 
PALMER PENINSULA 


PALMER PENINSULA and adjacent islands are 
situated roughly between latitudes 62° and 73° S. 
and longitudes 55° and 75° W. From the main- 
land in latitude 73° S., Palmer Peninsula trends 
northward along longitude 65° W. to about 
latitude 66°30’ S., where the coast curves to the 
northeast in a gentle open arc and terminates in 
latitude 63° S. and longitude 57° W. Joinville 
Island marks the eastern terminus of the en- 
virons of Palmer Peninsula. 

The western coastline of Palmer Peninsula is 
very irregular and marked by numerous rocky 
headlands and re-entrants. Offshore, many 
mountainous and snow-covered islands form the 
western margin of the exposed land masses. 
The islands, in general, are lenticular and de- 
crease in size from south to north; the longer 
axis trends north-south. Alexander I Island 
in the extreme southern portion of the Palmer 
Peninsula area is over 200 miles long by 50 
miles wide; Adelaide Island, 80 miles north of 
Alexander I Island, is 65 miles long and 25 miles 
wide; Anvers, Brabant, Trinity, and Deception 
Islands are all smaller in size and elevation. 
The east coast of Palmer Peninsula is somewhat 
similar to the west coast in having many rocky 
headlands and deep bays, but differs in that the 
offshore islands are not mountainous. The 
east coast islands are fewer and are low, snow- 
covered, and moundlike, extending as far south 
as latitude 71° S. and longitude 60°38’ W. 

The main land mass of Palmer Peninsula is a 
region of impressive rugged mountains intimately 
associated with the ever-present glistening gla- 
ciers. Hayes! has selected a representative de- 
scription of this area from the discussion by 
Charcot: 


The views on both sides of de Gerlache Channel 


are magnificent. Dr. Charcot describes the part 
of this coast that lies to the southwest of the cape as 
superb, with wild and lofty mountains; which ap- 
pear to be quite inaccessible, and with glaciers 

1 Hayes, J. Gordon. 


Antarctica, 13. London, 1928. 


glittering between bare rocks. Some of the cliffs 
are 1500 feet high. Granite walls in other places 
rise sheer to double this height. Parts of Graham 
Land coast are heavily glacierised, but there are 
also dizzy heights of bare rugged rock. Some of this 
rock is extremely hard, and plunges vertically from 
prodigious heights into the dark waters. Nature is 
here seen in its most savage aspects. 


Charcot’s own words? add to the above: 


The wild and lofty coast with its rocks standing 
out black against the white of the snow and the 
blue of the glaciers, is magnificently lighted up, 
and we see outlined against the sky two rounded 
domes of Le Matin Mountain—and a succession of 
summits beyond. 


The central portion of Palmer Peninsula is a 
plateau varying from 4,000 feet to 7,000 feet in 
elevation. In some portions it is exceptionally 
flat. In other portions the plateau has a rolling 
surface, broken by high snow-clad peaks, some 
having an elevation of over 12,000 feet. 


METHODS OF INVESTIGATION 


The actual geological investigations and collec- 
tions were made by means of dog-sledge journeys 
into the unknown areas. Aerial photos aided 
materially in selecting specific favorable loca- 
tions for obtaining geological data as well as in 
the general mapping of the region. 

King George VI Sound, its westward exten- 
sion, and the general southeastern portion of the 
East Base area were traversed by a dog-sledge 
party consisting of Finn Ronne, leader, and Carl 
R. Eklund, ornithologist and geological observer. 
The Eternity Range and the general south-central 
area were investigated by a dog-sledge party 
consisting of J. Glenn Dyer, leader and surveyor, 
L. Musselman, radioman and geological ob- 
server, and J. Healy, dog-driver and navigator. 
The eastern coast of Palmer Peninsula was in- 
vestigated by the Weddell Coast Sledge Party, 
consisting of D. C. Hilton, surveyor, H. Darling- 
ton III, radioman, and the author as leader and 


2 Charcot, J. 
London, 1911. 


The Voyage of the “Why Not?,” 82. 
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geologist. Minor short trips were also made in 
the immediate East Base area by H. G. Dorsey, 
meteorologist, and Herwil Bryant, biologist. 
A total of 125 samples with accompanying 
geological notes was taken by the various 
parties, and it is on these data that the present 
report is written. 

Transits were used for all determinations of 
position, for general topography of the region, 
and for ground control of the aerial mapping. 
In addition to the transit observations, Brunton 
compasses were used for frequent bearings on 
landmarks and for obtaining geological data 
on the rock outcrops. Elevations were obtained 
by Tycos aneroids, which were frequently 
checked with the East Base barometer via 
radio. 

The emergency flight evacuation of the East 
Base personnel created a handicap but no serious 
detriment to the saving of the geological samples. 
Triplicate specimens of each sample were taken 
in the field, but owing to the limitations of weight 
during the airplane evacuation, it was obviously 
impossible to bring out every specimen. The 
decision was made to reduce the size of each 
sample and to bring only one or two small chips 
representing each individual sample. Only in 
the case of a potential ore sample was a larger 
piece brought out. However, the small chips 
proved satisfactory for at least one thin section, 
and in most cases enough remained for mega- 
scopic study. 


GENERAL GEOLOGY OF PALMER PENINSULA 


The general geology of Palmer Peninsula, 
particularly the northern part, is best presented 
by quoting Taylor,* who has ably condensed 
Sir Edgeworth David’s comprehensive discussion 
of this section of Antarctica: 


The basement rocks contain intrusive gabbros and 
granodiorites which exhibit the most characteristic 
Andean affinities. Hence they belong to the Pacific 
types of eruptive rock. In South Georgia, which 
appears to rise from the submarine ridge already 
described, the rocks are formed chiefly of old schists 
in which no determinable fossils have been found. 
In the South Orkneys on the same ridge, Dr. Bruce’s 
expedition discovered Ordovician graptolites and 
phyllocarids. Just to the southeast of these islands 
a specimen of Cambrian limestone containing 
Archeo-cyathinae has been dredged, which shows 
that Cambrian rocks must occur in the vicinity . ... 


3 Taylor, 


104-105. 


Griffith. Antarctic adventure and research, 
New York, 1930. 
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Overlying these old rocks in Graham Land are 
strata of Mesozoic age which are folded mostly from 
west toeast. At Hope Bay (63° 15’ S.) beds contain- 
ing a rich Jurassic flora rest on coarse conglomerates 
which in turn repose on current-bedded sandstone 
with obscure plant remains. Among the plants are 
Cladophebis, Pterophyllum, Sagenopteris, Thinnfeldia, 
etc., all of which also lived in Australia in Jurassic 
or Triassic times. This would seem to indicate a 
land connection between the two continents in 
Mesozoic times. The plants were found in a hard 
slaty rock, and show a lacustrine rather than a 
marine environment... . 

At Snow Hill Island, one hundred miles to the 
south, Dr. Nordenskjold collected abundant Cre- 
taceous fossils. These imply the existence of a mild 
climate with comparatively warm ocean currents at 
this period. Corals are abundant, such as Cyclose- 
ris, Parasmilia and Oculina. Cephalopods like Phyl- 
loceras, Lytoceras and Desmoceras have been de- 
scribed by Kilian from this locality. From Seymour 
Island close to Snow Hill comes a suite of Tertiary 
fossils of which the leaves of Araucaria and Fagus 
are specially interesting. These show that the 
relatively warm conditions persisted into Oligocene 
or Miocene times. In marine strata of about the 
same age numerous bird bones were discovered, 
which have been referred to five new genera of 
penguins. They seem to be akin to the penguin 
bones of Eocene Age from Oamaru (N. Z.). Finally 
at Cockburn Island, near Snow Hill, Anderson found 
a conglomerate 160 meters above sea level contain- 
ing numerous Pecten shells. This is probably of 
the Pliocene Age. 


Taylor’s article covers the northern part of 
the Palmer Peninsula (frequently called Graham 
Land), while the present report embraces the 
more southern portions of the peninsula and its 
junction with the main Antarctic land mass. 


TOPOGRAPHY OF SOUTHERN 
PALMER PENINSULA 


RELIEF 


More detailed accounts of the topography will 
be found in the geographical reports of the United 
States Antarctic Service, but a brief description 
of the region will aid in the general understanding 


of the report contained herein. To be concise, 
the relief is very rugged, especially along the 
coast. Precipitous mountains and high plateaus 
break off sharply to the sea of piedmont glaciers. 
The peninsula has a plateau with a north-south 
trend, and from it occasional ridges and mountain 
chains extend seaward. The central plateau is 
a gently undulating mass, covered with snow 
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and ice, but with occasional peaks and high 
mounds protruding above the average elevation. 

Several transverse troughs, extending from 
Bellingshausen Sea to Weddell Sea, have been 
referred to as straits; however, with especial 
reference to the Stefansson Inlet (or Strait) and 
Casey Strait, the high elevations and rugged 
character within the trough argue for another 
explanation. 

On the west side of Palmer Peninsula several 
troughs parallel the general trend of the penin- 
sula. One of these major features is the trough 
trending southeasterly from the head of Neny 
Fjord (immediately south of East Base) for 
about 45 miles, ending in a basinlike open area 
from which radiate five other troughs like the 
spokes in a wheel; this has been referred to as 
the “Traffic Circle.’’® 

Southwestward the rugged topography is 
masked by thick ice and appears to blend into 
the central Antarctic plateau. Southeastward, 
however, high mountain ranges extend along the 
Weddell Coast at least to latitude 77° S. 

General relief of the region is that of a moun- 
tainous glaciated land in the stage of early 
maturity of glacial erosion. U-shaped valleys 
and arétes are common, and glaciation is still 
severe despite the recessional character of the 
glaciers. 


GEOLOGY OF SOUTHERN PALMER PENINSULA 


GENERAL FEATURES 


Southern Palmer Peninsula is composed of a 
central core of massive igneous rock flanked on 
both east and west sides by metamorphic types 


varying from slates to gneisses. Sedimentary 
rocks occur farther to the south along the eastern 
and southern margins of Alexander I Island. 
The rocks of this region compare in composition 
with the southern Andes Mountains of South 
America; both regions possess large masses of 
igneous rock of intermediate composition. Dikes 
of both basic and acidic character are found 
throughout the entire area in close association 
with the igneous rocks; the more acid dikes occur 
later than the basic dikes. 

The immediate East Base area is made up of 
granite, granodiorite, and syenite, with which 
aplite and basic dikes are intimately associated. 


* Wilkins, Hubert. The Wilkins-Hearst Antarctic Ex- 
pedition, 1928-1929. Geog. Rev. 19 (3): 353-376, 1929. 

5 English, R. A. J. Preliminary account of the United 
States Antarctic Expedition, 1939-1941. Geog. Rev. 31 
(3): 466-478, 1941. (Reference on p. 473.) 
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Gneisses and schists lie in contact with the ig- 
neous rocks along the coast. Sulphide mineral- 
ization occurs in minor amounts; some of this 
matter is in brecciated zones and all of it is 
of low grade in economic values. On the eastern 
side of Palmer Peninsula granodiorite cliffs 


. outcrop at the mouth of Fleming Glacier® (fig. 1); 


ultrabasic hornblendite occurs at Cape Eielson; 
and diorite is found 65 miles south of Cape 
Eielson. The country rock of the Eternity 
Range is granodiorite intruded by pegmatitic 
and basaltic dikes. 

Well-defined, low-angle, stratified fossiliferous 
and sedimentary rock occurs in large outcrops 
along the western and southern margins of 
Alexander I Island. These rocks are composed 
of mudstones, conglomerates, arkose, and gray- 
wacke; they contain carbonaceous material de- 
rived from a flora of a past geological age which 
is undeterminable to date. 

Stephenson and Fleming, of the British 
Graham Land Expedition, visited fossil areas 
farther to the north and describe their findings 
as foliows:? 


Next morning after an early breakfast we were 
off on a fossil hunt, armed with hammers. When 
once we reached the screes at the foot of the cliff 
we chipped at the dark shales but could see nothing 
remotely resembling a fossil. Then a slab of rock 
was broken in which there was a vague and faint 
impression which, with the aid of some imagination, 
might be a shell impression. On the other side was 
a nearly complete cast of a shell about which there 
should be no question. After this we found quite a 
number more, mostly rather ill-preserved fragments 
of shells, but also a few plant remains including one 
specimen of Ptilophyllum which, on being brought 
home for examination, has proved analogous to 
plants of that genus collected by Nordenskjold’s 
expedition over 400 miles farther north, near the 
very northern end of the Graham Land peninsula. 
These plants indicate that the beds in Alexander I 
Land are of the same age as those farther north, 
Middle Jurassic. 


Metamorphic rocks outcrop in well-defined 
formations along the Weddell Coast, extending 
south from Fleming Glacier at least 90 miles. 
Slate, with well-developed cleavage and some 
concretions (fig. 2), predominates; its com- 
position and texture vary to a small degree. 


6 Tentative name suggested after Rev. W. L. S, Fleming, 
geologist of the British Graham Land Expedition, 1934- 
1937. 

7Stephenson, Alfred, and W. L. S. Fleming. King 
George the Sixth Sound. Geog. Jour. 96 (3): 159, 1940. 
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Gneiss is found intermittently along the Falliéres 
Coast in contact with the igneous rocks of the 
central part of the peninsula. 

Structural control has undoubtedly produced 
several of the major features of the southern 
Palmer Peninsula. It should be noted here 
that the actual examination of field evidence for 
faults is rather meager, owing to the difficulties 
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encountered under polar conditions; only favored 
locations can be visited, and much is left to 
deduction from generalized observations. The 
most prominent of these faults is King George VI 
Sound, which borders Alexander I Island on the 
east and south. On the Weddell Coast major 
faults are best seen in the vicinity of Cape 
Keeler, where two fault blocks with a north- 
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Fic. 1. 


south trend have produced two low ridges with 
broad intervening valleys (fig. 2); this structure 
is probably horst and graben faulting. The 
same or a parallel fault zone has probably 
produced the series of low offshore islands 


(fig. 3). 
EAST BASE AND IMMEDIATE VICINITY 


Field Geology.—The rocks in the vicinity of 
East Base are dominantly acidic, igneous rocks, 
with considerable metamorphic rocks adjacent 


oh 
7 
fy 


Official photo, U. S. Antarctic Service 
Granodiorite cliffs of Fleming Glacier and island composed of argillite. 


to the seacoast. Aplite dikes and basic dikes 
are very common; both are apparently associated 
with the batholithic igneous mass comprising 
the central portion of the peninsula. 

The contacts between the igneous rocks and 
the gneisses are somewhat irregular yet well de- 
fined in most cases. Small cupolas appear ir- 
regularly within the gneiss and schist on both 
Neny Island and Stonington Island. 

The igneous rocks lie for the most part to the 
east of East Base and are composed predomi- 
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nantly of hornblende granite which is somewhat 
variable in texture; the mineral composition, 
however, is uniform. Eight miles northeast of 
East Base high, massive, precipitous granite 
cliffs form the walls of a broad glacier-carved 
valley. Near the base of the British Graham 
Land Expedition a very coarse-grained horn- 
blende granite outcrops and is in contact with a 


. 2. Slate outcrop of Cape Keeler on Weddell Coast. 


137 


dark-colored hornblende gneiss which exhibits 
considerable chloritic alteration and contains 
small veinlets of secondary minerals. 

Stonington Island (site of East Base) exhibits 
a heterogeneous suite of rocks. The south- 
western portion of the island is composed of a 
coarse-grained biotite diorite (fig. 4). On the 


northwestern part of the island there occurs an 


e a™ S 


Official photo, U. S. Antarctic 
Note horst and graben valleys 
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Service 


extending across center of photograph. 
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Low offshore island (left) and fault zone extending vertically through the photograph. 


Official photo, U. S. Antarctic Service 


Weddell Coast, 


looking south toward Cape Eielson. 


outcrop of fine-grained biotite gneiss which has 
about the same mineral composition as a grano- 
diorite; this gneiss is probably an orthogneiss, 
as the biotite crystals are elongated and show 
considerable bending. The central and eastern 
portions of the island are composed of an apatite 
monzonite which is possibly related to the 
granites a few miles to the east and north. 
Both basic and aplite dikes occur on the island, 
intersecting both the monzonite and the gneiss. 
The basic dikes are relatively older than the 
aplite dikes. A well-defined dike of porphyritic 
enstatite basalt (fig. 5) outcrops on the south- 
western edge ‘of the island. 

The metamorphic rocks of the immediate 
East Base area vary from a mica schist to a 
medium-grained mica gneiss. Neny Island, 
Millerand Island, the eastern portion of Figure 
IV Mountain, and irregular areas of the cliffs 
of Neny Fjord are all composed of gneiss, 
predominantly hornblende gneiss. Very few 
metamorphic minerals are present in any of the 
various gneisses, and the rock has the general 
appearance of an orthogneiss. 


Prominent lamprophyre dikes up to 15 feet 
in width occur on Figure IV Mountain immedi- 
ately to the south of East Base. 

Petrography.—The hornblende granite of the 
East Base possesses a coarse hypidiomorphic 
texture with a high percentage of orthoclase 
which gives a buff color to the outcrops. The 
feldspars show considerable alterations to sericite 
and kaolin. Zoning in the feldspars is present, 
but not common. One outcrop of granite con- 
tains a few porphyritic crystals of quartz and 
feldspar and a relatively higher percentage of 
biotite. The quartz throughout all the granite 
possesses wavy extinction, but no microbreccia- 
tion. 

The biotite diorite of Stonington Island has 
zoned oligoclase and andesine, both of which 
have albite and pericline twinning. 

The phenocrysts in the enstatite basalt are 
composed of bytownite, and many lathlike 
crystals of labradorite occur in a typical inter- 
granular texture. The lamprophyre dikes of 
Figure [IV Mountain are minettes. 
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Photo by Knowles 


Fic. 4. Biotite diorite on Stonington Island. 


WEDDELL COAST OF PALMER PENINSULA 


Field Geology.—The Weddell Coast of south- 
ern Palmer Peninsula covered in this report 
extends from latitude 67°45’ to 77° S. and from 


longitude 66°15’ to 59° W. The direct geologi- 
cal examination and ground control for aerial 
surveying were accomplished by the Weddell 
Coast Party, consisting of D. C. Hilton, surveyor; 
Harry Darlington III, radioman; and the author 
as leader and geologist. The southern limit of 
the party’s sledge journey was latitude 71°48’ S. 
The remainder of the coastline to the south was 
observed and photographed by the Condor air- 
plane which flew south to latitude 74°42’ S. 

The Weddell Coast exhibits a block-fault 
topography, which has developed rugged es- 
carpments, and an interesting relationship be- 
tween a dark-colored carbonaceous slate and a 
coarse-grained graphic granite. The block faults 
are best developed in the vicinity of Cape Keeler, 
where graben valleys have been formed with 
steep-walled horsts between the valleys. These 
two valleys have a northwest-southeast trend 
which is in contrast to the many glacier-carved 
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valleys with an east-west trend. This fault, or 
probably a parallel fault zone, has unquestionably 
formed the series of offshore mound islands ex- 
tending to latitude 71°S. Although no outcrops 
were visible on any of these islands, it is highly 
probable that they represent a faulted portion of 
the slate or a related formation; for they have 
been very susceptible to glacial erosion and the 
contours have the same general characteristics 
as the western extension of Cape Keeler. 

Slate, which varies slightly in color and in 
metamorphic effects, extends along the Weddell 
Coast for at least 90 miles, from latitude 68° S. 
to 69°30’ S. The slate has several cleavages, 
one of which is very well developed; it has an 
average dip of 36° S. 82° W., and the strike is 
N. 8° W. 

Farther to the south Cape Eielson was found 
to be composed of a large massive outcrop of 
hornblendite which is at least 3 miles long by 200 
feet in height. This was the only outcrop of an 
ultrabasic intrusive rock observed. South of 
Cape Eielson the rock cliffs have a massive 
igneous appearance, and at latitude 71°40’S., 
longitude 60°50’ W., a gray, coarse-grained 
quartz biotite diorite forms cliffs 150 to 250 feet 
in height. 

Only basic dikes were found on the Weddell 
Coast and in only two localities. A hypersthene 
diabase dike intrudes the slate along a faint 
bedding plane of the slate outcrop in latitude 
69°29’ S., longitude 65°30’ W. This dike is uni- 
formly about 10 feet wide and extends across the 
face of the entire outcrop for a distance of over 
200 feet. A series of augite basalt dikes intrudes 
in a roughly parallel arrangement on the island 
a few miles north of Fleming Glacier. These 
dikes are uniform in texture and vary from a few 


Photo by Knowles 


Fic. 5. Enstatite basalt dike on Stonington Island. 
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inches up to 10 feet in width; connecting dikes 
between the major parallel dikes are very com- 
mon. The host rock is a graphic hornblende 
granite. From a distance these dikes give the 
appearance of large horizontal coal strata or 
similar sedimentary formations. 

Petrography.—The rock which forms the bold 
cliffs of Fleming Glacier is a medium-grained, 
buff-colored graphic hornblende granite with 
homogeneous structure and hypidiomorphic tex- 
ture. The mafics show considerable alteration 
to chlorite, and the feldspars to sericite and 
kaolinite; however, the oligoclase has more 
alteration than the orthoclase. Quartz has 
wavy extinction, and the plagioclase (oligoclase) 
has no zoning, which is in contrast to some of the 
Andean igneous rocks.’ Apatite is prominent 
in a few of the samples taken. Nepheline syenite 
occurs in one outcrop in contact with granite at 
latitude 67°56’ S., longitude 65°24’ W. 

The rock comprising Cape Eielson is a dark- 
colored, coarse-grained hypidiomorphic horn- 
blendite. The predominant mineral is horn- 
blende with small and varying amounts of 
augite, diopside, and magnetite. The horn- 


blende is of two sources: (1) as a primary con- 
stituent of the rock, and (2) as a secondary 
mineral replacing augite. 


Along frequent altera- 
tion zones short-fibred asbestos has been de- 
veloped, but otherwise the rock is relatively 
unaltered. In a few favored zones large porphy- 
ritic crystals of hornblende have been developed 
up to 2 inches in length. 

The igneous rock outcroppings 100 miles south 
of Cape Ejielson are composed of a medium- 
grained hypidiomorphic quartz biotite diorite. 
The andesine has some zoning, which, however, 
is not predominant. A small amount of ensta- 
tite and augite is present, and some secondary 
hornblende is replacing the augite, although 
there is also some primary hornblende. 

The southernmost slate outcrop (within the 
field of exploration) occurs 100 miles north of 
Cape Eielson. This slate is relatively uniform 
over the entire outcrop. The rock is a dark- 
colored, fine-grained slate with cleavage well 
developed in one direction (not parallel to 
bedding) and two other cleavages of minor 
intensity. The slate is composed of small 
subangular particles of quartz and feldspar, 


8 Wade, F. Alton. Petrologic and structural relations 
of the Edsel Ford Range, Marie Byrd Land, to other 
Antarctic mountains. Bull. Geol. Soc. America 48: 1394, 
1937. 
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none of which exceed 0.03 mm. The feldspar 
was deposited with the quartz. In composition 
this rock .approaches an arkose. A_ small 
amount of andalusite is discernible, which is 
contiguous with the deposition of quartz. 
(This is very clear under the microscope, and 
to a certain extent megascopically.) Fine bands 
of variable textures are visible, and frequently 
at the contact between those bands are thin 
ribbons of carbonaceous material. This slate 
compares in texture and mineral composition 
with the slate examined 50 miles to the north 
at Cape Keeler. 

The slate (fig. 2) at Cape Keeler exhibits an 
excellent development of three sets of cleavage 
which produces a true tabular parallelogram 
when breaking the rock, or when weathering off 
the face of the outcrop. The two cleavages on 
the face of the parallelogram form angles of 82° 
and 108°. 

The argillite of the island (fig. 1) at the mouth 
of the Fleming Glacier is a siliceous gray rock 
composed of a cryptocrystalline groundmass with 
no distinguishing crystals other than an occa- 
sional particle of quartz and some zoisite. The 
entire mass appears to contain a high percentage 
of microcrystalline quartz and hydrous alumi- 
num silicate which have been tightly compacted 
together; cleavage is poor and in only one direc- 
tion. This rock is probably the product of a 
fine-grained alkali sediment which has been 
metamorphosed only enough to destroy the 
bedding and to produce a weak cleavage. 


KING GEORGE VI SOUND 
Survey 


Field Geology—The Southwestern \ 
Party, consisting of Finn Ronne and Carl R. 
Eklund, extended ground operations south into 
King George VI Sound and west to its junction 
with the sea; thus defining the eastern and 
southern periphery of Alexander I Island. 
Although the sledging party was primarily a 
surveying operation, Carl Eklund acted as 
geological observer in addition to his other 
duties. 

A sledge party of the British Graham Land 
Expedition (1934-1937) traversed King George 
VI Sound to latitude 72° S., and the trip is 
aptly described by Stephenson and Fleming.’ 

King George VI Sound has been referred to as 
a major fault depression by Stephenson and 


Stephenson, Alfred, and W. L. S. Fleming. 
George VI Sound. Geog. Jour. 96 (3), 1940. 


King 
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Fleming in their article, and the observations 
of the Southwestern Survey Party (U. S. A. S.) 
tend to verify this statement. Steep-walled, 
flat-lying sedimentary strata outcrop along the 
eastern and southeastern margins of Alexander I 
Island. In contrast, igneous rocks outcrop on 
the eastern and southern margins of the sound. 

The evidence found tends to prove that the 
central portion of the Palmer Peninsula is com- 
posed of igneous rocks flanked on either side by 
metamorphic and sedimentary rocks. 

Cape Berteaux is composed predominantly of 
a quartz diorite intruded by diabase and porphy- 
ritic basalt dikes, which have an average dip 
of 88° S. 15° E. and a strike of N. 75° W., and 
vary in width from 6 inches to 15 feet. The 
contacts between the dikes and the diorites 
are sharp and regular with abundant contact 
metamorphic effects. 

A buff-colored hornfels outcrops in massive 
sharp peaks in latitude 70°25’ S. and longitude 
67°15’ W. This hornfels is probably a meta- 
morphic product of a graywacke. It is com- 
posed of subangular particles of quartz, feld- 
spars, muscovite, hornblende, and some apatite. 
The texture approaches that of an_allotrio- 
morphic texture of an igneous rock. 


Quartz diorite injected by a pegmatite and 
adjacent to porphyritic felsite outcrops in the 
Batterbee Mountains in latitude 71°01’ S. and 


longitude 66°50’ W. The contact relations 
were not observed, but the felsite had a low 
dip to the north. It is interesting to note 
that this is the only location where extrusive 
volcanic rocks have been observed in the south- 
ern Palmer Peninsula. On the western ex- 
tremity of the Batterbee Mountains some green 
felsite subangular rocks were found in a moraine. 
In the southwestern portion of the Batterbee 
Mountains, biotite granodiorite outcrops and is 
intruded by diabase dikes. The general trend 
of the Batterbee Mountains is north-south. 
Quartz diorite again outcrops along the 
southern margin of King George VI Sound in 
latitude 73°11’ S., longitude 72°05’ W. This 
outcrop is an isolated, sharp-pointed island and 
is the only rock visible in a radius of 75 miles. 
Sedimentary rock was found in situ at lati- 
tude 72°08’ S., longitude 68°45’ W., on the 
southernmost peak of Alexander I Island. 
The rock consisted of uniform horizontal strata 
of compact mudstone, graywacke, arkose, and 
coarse conglomerate. All types appeared to be 
non-marine sediments, and some of the arkose 
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contained a small amount of carbonaceous ma- 
terial that defies identification, other than that 
it is organic and apparently a small branch from 
a tree or a shrub. 

Petrography.—The quartz diorite of the King 
George VI Sound area has a hypidiomorphic 
texture with a small amount of ophitic texture 
between the hornblende and the feldspar. The 
plagioclase is andesine, which shows considerable 
alteration and some microbrecciation. A few 
specimens of the diorite show deuteric reactions 
of hornblende replacing augite. 

The biotite granodiorite has a fine-grained 
hypidiomorphic texture with a small amount of 
alteration. The plagioclase is zoned with calcic 
centers and some sericitic alteration. Micro- 
cline is present in small amounts. The per- 
centage of biotite varies slightly. 

The occasional pegmatites are coarse-grained, 
inequigranular rock composed predominantly of 
porphyritic phenocrysts of orthoclase and quartz 
and biotite. A few graphic intergrowths are 
present. 

The gabbro has a hypidiomorphic texture and 
is composed of microcline, labradorite, and horn- 
blende. The labradorite shows some zoning. 
The basalt dikes have a cryptocrystalline ground- 
mass with oligoclase phenocrysts and a con- 
siderable amount of iron oxide staining. 

The porphyritic felsite has a light-colored, 
highly altered cryptocrystalline groundmass and 
porphyritic euhedral crystals of quartz and some 
orthoclase; some of the quartz shows a secondary 
growth of sericite surrounding the mineral. 

The mudstone is composed of minute frag- 
ments of quartz, feldspar, and biotite in a 
groundmass of hydrous alumina silicate; the 
particles are less than 0.01 mm. and subangular. 
The plagioclase appears to be andesine, and 
there are small amounts of rutile and tourmaline. 
The conglomerate is composed of subangular 
pebbles up to % inch in width, in a fine-grained 
matrix of quartz, feldspar, and mica. The 
arkose is a medium-grained gray rock composed 
of uniform-sized, subangular grains of quartz, 
orthoclase, andesine, and small amounts of 
hornblende, biotite, and augite; the groundmass 
is cemented with ferruginous material. 


ETERNITY RANGE 


Field Geology—The Southeastern Survey 
Party to the Eternity Range consisted of J. 
Glenn Dyer, J. Healy, and L. Musselman, who 
acted as geological observer. 
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Specimens were obtained from only one out- 
crop in the Eternity Range in the central Palmer 
Peninsula. The country rock consisted of a 
massive biotite granodiorite which was intruded 
by a highly altered hornblende melaphyre up to 2 
feet in width. Numerous pegmatites also oc- 
curred on the outcrop. 

The Eternity Range, composed of granodiorite, 
represents the central core of the peninsula and 
proves beyond a doubt its igneous nature. 

Petrography.—The biotite granodiorite is a 
medium-grained rock with a hypidiomorphic 
texture and is composed of a small amount of 
quartz, partially zoned plagioclase with calcic 
centers, orthoclase, high iron biotite, some 
hornblende, and a small amount of leucite. 
The pegmatite is a coarse-grained rock contain- 
ing irregular masses of orthoclase, quartz, and 
muscovite. The quartz and orthoclase occur in 
many graphic intergrowths. Lepidolite with 
radial structure is present but rare. 


PETROGRAPHICAL AND PETROLOGICAL 
SUMMARY 


The rocks composing the southern Palmer 
Peninsula, as represented by collections made by 
the various sledge parties of the United States 
Antarctic Service, are grouped as follows: 


I. Igneous rocks 
A. Massive intrusives 


1. Hornblende granite, biotite 
graphic granite 

. Biotite granodiorite 

. Quartz diorite 

. Nepheline syenite 

. Hornblendite 


( . Gabbro 


. Apatite monzonite 
. Dike rocks 


. Pegmatite 

. Minette 

Diabase 

. Hypersthene diabase 
. Augite basalt 

. Olivine dolerite 
Aplite 

. Enstatite basalt 


granite, 


. Extrusive 


1. Porphyrite felsite 


II. Metamorphic rocks 


A. Mica and hornblende gneiss 
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B. Metamorphic sediments 


1. Hornfels 
2. Slate 

3. Chert 

4. Mica schist 


C. Quartz of replacement type 


III. 


Sedimentary rocks 
1. Arkose 
2. Graywacke 
3. Conglomerate 
4. Mudstone 
5. Glacial till 


ECONOMIC GEOLOGY 


Several ore mineral occurrences were noted in 
southern Palmer Peninsula, but under present 
economic conditions none would be - classified 
as ore. However, it is interesting to note that 
the Antarctic is not entirely barren, and the 
indications found tend to prove that the south 
polar regions may have some potentialities. 

Manganese stain, covering a considerable 
portion of an outcrop, was found about 9 miles 
east of East Base. This mineral was definitely 
a dendritic secondary deposit. It is possible 
that this stain was derived from nearby dikes 
that contained a small portion of manganese. 
Small veinlets in the same outcrop contain 
flakes of molybdenite up to 44 inch in width; 
however, they appeared too infrequently to be 
of any commercial value. 

Chalcopyrite and secondary copper staining 
occur in the hornblendite of Cape Eielson. 
Copper staining in the form of malachite was 
also found on an island north of the mouth of 
Fleming Glacier. However, none of these cop- 
per occurrences were in sufficient amount to be 
of commercial value. It should be noted here 
that copper was previously found farther north 
on the Palmer Peninsula, and is best described 
by quoting the words of Thomas, petrographer 
to H. M. Geological Survey :!° 


One of the most interesting specimens brought 
back by Mr. Innes Wilson is a moderately large mass 
of an exceedingly rich ore of copper (33). Unfor- 
tunately it was not in situ, being a boulder on the 
beach at the foot of a glacier near Port Lockroy, on 
the Neumayer Channel. It was the only specimen 
of its kind found, and consists mainly of the two 


10 Thomas, Herbert H. On the Innes Wilson collection 
of rocks and minerals from the South Shetland Islands and 
Trinity Island. Trans. Royal Soc. Edinburgh 53, part 1: 
89, 1925. 
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basic carbonates of copper, Malachite and Azurite, 
with a subordinate amount of copper silicate. 

The ore appears to be stalagmitic in character, 
and mainly botryoidal as regards structure. The 
bright-blue azurite occurs as streaks and patches 
in the emerald-green malachite and blue-green 
vitreous-lustred silicate. 

So far as I am aware, this is the first record of any 
high-grade metallic ore from Antarctic regions. 
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A small piece of magnetite float was found in a 
marginal moraine on the northeast side of 
Figure IV Mountain at about 1,000 feet eleva- 
tion. The source of the float was never located. 

Several low-grade occurrences of gold and 
silver were also found. The two heaviest 
mineralized localities were: (1) in a brecciated 
pyrite mineralized 8-foot zone on the south- 


TABLE 1 


MINERAL ANALYSIS OF REPRESENTATIVE IGNEOUS ROCKS 


Mineral 








Quartz 
Orthoclase 
Andalusite 
Microcline 
Micoperthite 
Albite 
Oligoclase 
Andesine 
Labradorite 
Bytownite 
Biotite 
Hornblende 
Augite 
Olivine 
Muscovite 
Tourmaline 








Apatite 
Zircon 
Enstatite 
Diopside 
Pyrite 
Magnetite 
Chalcopyrite 
Limonite 
Calcite 
Kaolin 
Sericite 
Antigorite 
Chlorite 
Leucite 








Figures are in percentages. 


P—Present in thin section 
W—Wavy extinction 
Z—Zoning 

A—Altered 


Specimen 
E19 


10W 
40AZ 














PPL LETT FPS Pewee tt 


a 
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E2—Hornblende granite: Figure IV Mountain, 3 miles southeast of East Base 


E5—Minette: same location as E2 


E13—Pegmatite: 12 miles northeast of East Base 
E17—Hornblende granite: $ mile northeast of Rymill’s camp 
E19—Quartz diorite: 5 miles east of Cape Berteaux 


E21—Quartz diorite: Red Rock Ridge 


E22—Biotite granodiorite: Fleming Glacier, lat. 68°02'36” S., long. 65°47’ W. 
E26—Hornblendite: Cape Eielson, lat. 70°31’ S., long. 61°33’ W. 
E47—Biotite granodiorite: Eternity Range 
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TABLE 2 


MINERAL ANALYSIS OF REPRESENTATIVE 


Specimen 





Mineral — “yy 


| E14 | E23(c) | E30 


Quartz | 30W a a 40 
Orthoclase 10 
Oligoclase 10 
Hornblende 
Biotite 
Muscovite 
Magnetite 
Tourmaline 
Apatite 
Garnet 
Andalusite 
Pyrite 
Crysolite 
Alteration 
Groundmass 
(alumina 
silica) lL — | 
Carbonaceous | 
| 


| 
| 




















material —: 
i 


Figures are in percentages. 

W—Wavy Extinction 

E3—Hornblende gneiss: Figure IV Mountain, 3 miles 
southeast of East Base 

E11—Mica-garnet-gneiss: 12 miles northeast of East Base 

E14—Hornblende gneiss: Rymill’s camp site 

E23—Slate: Cape Keeler on Weddell Coast, lat. 68°45’48” 
S., long. 63°20’ W. 

E30—Slate: lat. 69°29’ S., long. 65°30’ W. 

E115—Quartz-mica-schist: 18 miles north-northeast of 
East Base 


eastern end of Stonington Island; (2) at the same 
outcrop where the stringers of molybdenum were 
mentioned above. The following are the results 
of the gold and silver assays :" 


Sample ae 
No. Description 


| oz/ton | oz/ton 


0.03 
| 0.37 
| 0.02 

0.16 
| 0.03 


| 0.10 


| Nine miles northeast of East Base | 0.01 
Twelve miles northeast of East Base | 0.05 
Cape Eielson—massive pyrite | 0.03 
Pegmatite—Eternity Range | 0.03 
Pegmatite—Neny Island | 0.04 
Mineralized brecciated zone—Ston- | 
ington Island | 0.01 
Pegmatite—18 miles NNE. of East | 


Base | 0.03 | 0.13 








M1 Assays by Mr. 
Cornucopia, Oregon. 


R. Rick, Cornucopia Gold Mines, 


TABLE 3 


MINERAL ANALYSIS OF REPRESENTATIVE 
SEDIMENTARY Rocks 








Mineral 


Quartz 
Orthoclase 
Andesine 
Oligoclase 
Biotite 
Muscovite 
Hornblende 
Augite 
Limonite 
Carbonaceous material | 
Rutile 
Tourmaline 
Groundmass* 











* Probably high in kaolinite. 
Figures are in percentages. 


E67—Mudstone: King George VI Sound, lat. 72°08’ S., 
long. 68°45’ W. 

E68—Conglomerate (graywacke pebbles in mudstone): 
King George VI Sound, lat. 72°08’ S., long. 68°45’ W. 

E70—Conglomerate: King George VI Sound, lat. 72°08’ 
S., long. 68°45’ W. 

E73—Graywacke: lat. 72°10’ S., long. 68°40’ W. 

E74—Carbonaceous arkose: lat. 72°10’ S., long. 68°40’ W. 


DISCUSSION 


Stephenson,” of the British Graham Land 
Expedition, crystallizes one of the major prob- 
lems of Antarctic geology: 


Professor Alton Wade, who was geologist of 
Admiral Byrd's last Antarctic Expedition (1933-35) 
and is chief scientist of his present expedition, has 
found evidence to suggest that the rocks of the 
Edsel Ford Mountains have affinities with the forma- 
tions found in Graham Land. It is hoped that he 
may find further indications of the extent of the 
Antarctic Andes south of the point where we left 
them, and discover the geological relationship of this 
mountain system to the faulted structure of the 
Ross Sea. 


It is a considerable satisfaction to state that, 
following the results of the United States Ant- 
arctic Expedition, we now know that the Ant- 
arctic Andes do continue south of latitude 72° S., 
at least on the eastern margins of the Weddell 
Coast of Palmer Peninsula. It appears that 


22 Stephenson, Alfred. Graham Land and the problem 
of Stefansson Strait. Geog. Jour. 96 (3): 174, 1940. 
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the main range of mountains of the peninsula 
splits at about latitude 70° S., with the major 
split following the eastern coast of Palmer 
Peninsula to at least latitude 77° S.; the western 
split apparently either dies out and terminates 
in the main Antarctic mainland, or is masked by 
the major fault that forms King George VI 
Sound. 

Physiographically, Palmer Peninsula resem- 
bles very closely the southern South American 
Andes. The intrusive granodiorite and the 
ultrabasics of the two regions are also similar in 
structure and composition. 

Prior to the present expedition, very little 
similarity had been found between the Palmer 
area and the Ross Sea area. Now there is a 
definite link between the two, especially as 
pertains to structure. This link is the faulting 
of King George VI Sound and the appearance of 
the Mesozoic sedimentary rocks of Alexander I 
Island. The same or a similar structure ap- 
pears in the Ross Sea area—and there remains 
only the determination of the basement rock of 
Alexander I Island to provide the final compari- 
son; that combined with more detailed study of 
the mechanics of the fault of King George VI 
Sound. 

The large ultrabasic mass of hornblendite of 


Cape Eielson also presents an interesting prob- 


lem. What is its mode of origin? Petrograph- 
ically it presents a definite igneous texture, and 
from its inferred relationship with the diorite 
to the south and granodiorite to the north this 
mass is probably a magmatic segregation product 
of the Palmer Peninsula central batholith. In 
using the word “inferred,” it must be remem- 
bered that no direct contact relationships were 
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observed, owing to the obvious obstacles of 
polar investigations. Direct petrographic re- 
lationship between the hornblendite and the 
diorite to the south is noted in that they both 
contain the following similarities: enstatite ap- 
pears in both roéks, and primary and secondary 
hornblende from augite is present in both rocks. 
The slate of the Weddell Coast of southern 
Palmer Peninsula is probably related to the 
Mesozoic slate to the north. Taylor" states: 


Overlying these old rocks in Graham Land are 
strata of Mesozoic age which are folded mostly from 
west to east. ... The plants were fotind in a 
hard slaty rock and show a lacustrine rather than a 
marine environment. 


The slate of the Weddell Coast of southern 
Palmer Peninsula shows the above characteris- 
tics, except for the finding of fossil plants. The 
thrust of the orogenic forces, as evidenced in the 
metamorphic cleavage of the slate, suggests an 
overthrust from west to east, and the rock ap- 
pears to be more non-marine than marine. 
Several important problems yet remain in the 
Palmer Peninsula region that should entice 
further investigations. What is the basement 
rock of Alexander I Island? What are the 
mechanics of the fault of King George VI 
Sound? What is the age of the metamorphics 
along the western side of Palmer Peninsula and 
of those of the Weddell Sea? Of course longer- 
range explorations should answer the questions 
of the geology of Charcot Island and the Sentinel 
Range, of the final delineation of the Luitpold 
Coast, and of the related mountain structures. 


18 Taylor, Griffith. 
104, 105. 


Antarctic adventure and research, 
New York and London, 1930. 





PRELIMINARY REPORT ON SOME INTRUSIVES OF 
THE MELCHIOR ISLANDS, ANTARCTICA 


DUNCAN STEWART, JR. 


Associate Professor of Geology, Lehigh University 


ABSTRACT 


A quantitative microscopical study is made of typical 
quartz-bearing and intermediate rocks of the Melchior 
Islands, and comparisons are made between these rocks, 
collected by the U. S. Antarctic Service Expedition, and 
those collected by other expeditions in the western area 
of the Palmer Peninsula and its islands. 


INTRODUCTION 


THE petrography of the intrusive rocks of the 
Palmer Peninsula and its islands has been made 
known in part by Barth and Holmsen,' Barth,? 
Bodman,® Gourdon,* ® Nordenskjold,® Pelikan,’ 
Stewart,® and Tyrrell.° 


! Barth, T. F. W., and Per Holmsen. Rocks from the 
Antarctandes and the Southern Antilles. Being a descrip- 
tion of rock samples collected by Olaf Holtedahl 1927- 
1928, and a discussion of their mode of origin. Sci. Res. 
Norwegian Antarctic Exped. 1927-1928 et sqq., no. 18: 
1-64, 1939. 

2 Barth, T. F. W. Notes on igneous and palingenic 
rocks from the Antarctic Archipelago. A contribution to 
the petrology of circum-Pacific rock types. Proc. Sixth 
Pacific Sci. Congr. 2: 747-754 (1939), 1940. 

8 Bodman, Gosta. Petrographische Studien tiber einige 
antarktische Gesteine, mit einen Anhang, Einige Tiefenge- 
steine der stidamerikanischen und der antarktischen Anden 
chemisch und petrographische mit einander verglichen. 
Wiss. Ergebn. Schwed. Siidpolarexped. 1901-1903, 3, Lief. 
15: 1-100, 1916. 

4Gourdon, E. Géographie physique — Glaciologie — 
Pétrographie des régions visitées par l’Expédition Ant- 
arctique Francaise commandée par le Dr. Charcot (1903- 
1905), troisiéme partie, pétrographie, 141-208, 1908. 

5 Gourdon, E. Sur la constitution minéralogique de l'ile 
Jenny (Antarctique). C. R. Acad. Sci. 159: 369-371, 
1914. 

® Nordenskjold, Otto. Petrographische Untersuchungen 
aus dem westantarktischen Gebiete. Bull. Geol. Inst. 
Univ. Upsala 6, pt. 2 (12) : 234-246 (1903), 1905. 

7 Pelikan, A. Petrographische Untersuchung der Ge- 
steinsproben. Expédition Antarctique Belge, Résultats du 
Voyage du S. Y. Belgica, en 1897-1898-1899. Rapports 
scientifiques, géologie, I Theil, 1-49, 1909. 

® Stewart, Duncan, Jr. Petrography of some rocks 
from the South Orkney Islands and the Antarctic Archi- 
pelago. Am. Mineralogist 22 (3): 178-194, 1937. 

® Tyrrell, G. W. A contribution to the petrography 
of the South Shetland Islands, the Palmer Archipelago, 
and the Danco Land Coast, Graham Land, Antarctica. 
Trans. Royal Soc. Edinburgh 53: 57-79, 1921. 
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This study is the first of a series of papers re- 
lating to the petrography of the rocks of the ex- 
tensive collections made by Wade and Warner in 
the Melchior Islands. No report has heretofore 
been made on the petrography of the rocks of 
these islands. One hundred and thirty-four thin 
sections have been submitted for study, the ma- 
jority of which are of extrusive and hypabyssal 
rock specimens. Some fifty are intrusive rocks, 
and ten picked analyses are herein presented. 
Comparisons are made with six thin sections of 
similar rocks collected by the Expédition Ant- 
arctique Francaise, 1903-1905, from near-by is- 
lands, and included are further comparisons with 
the published results of the petrography of the 
rocks collected by other expeditions in West Ant- 
arctica. The improved Wentworth recording 
micrometer was used in the quantitative deter- 
mination of the constituents of the sixteen thin 
sections (table 1). An aggregate distance of 
41,569 units was measured in traversing each sec- 
tion, an average of sixteen times. 
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CHARACTERISTICS OF THE ROCKS 


The most outstanding characteristic of the Mel- 
chior Islands intrusive rocks studied is zoned 
plagioclase. In these rocks the zoned plagioclase 
varies from albite through andesine, oligoclase and 
andesine being the most common. According to 
Nordenskjold,"' the intrusive rocks of the north 


10 Stewart, Duncan, Jr. The University of Michigan 
collections of Antarctic rocks and minerals. Proc. Amer. 
Philos. Soc. 74 (4) : 311-317, 1934. 

11 Nordenskjéld, Otto, op. cit., 237. 
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SOME INTRUSIVES OF THE MELCHIOR ISLANDS 


TABLE 1 


MINERALOGICAL COMPOSITION OF SOME INTRUSIVES FROM THE HosEASON, HOVGAARD, MELCHIOR, 
AND WANDEL ISLANDS 
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F180. 
M190. 
M127. 
F169, 
M104. 
M170. 
M111. 
F35. 


Granodiorite. Cairn Hill, Wandel Island. 
Leuco-sodaclase granodiorite. Melchior Islands. 
Leucogranodiorite. Ibid. 

Granodiorite. Louise Peak, Wandel Island. 
Granodiorite. Melchior Islands. 

Tonalite. Ibid. 

Granodiorite. Ibid. 

Granodiorite. Lécuyer Peninsula, Wandel Island. 


ern area of West Antarctica, which vary between 
“banatitischen Graniten” and gabbro, contain 
plagioclases which exhibit beautiful zoning, and at 
times micropegmatitic intergrowths of quartz and 
orthoclase are noted. In a discussion’ resulting 
from a study of 107 thin sections of rocks collected 
by Nordenskjold’s expedition, this occurrence of 
zoned plagioclase and micropegmatite was con- 
firmed. These two features are apparently charac- 
teristic of the series. The studies of Gourdon’® 
indicate a great similarity between the intrusive 


12 Stewart, Duncan, Jr. 
1937. 
18 Gourdon, E., op. cit., p. 205, 1908. 


Am. Mineralogist 22 (3): 186, 


F202. 
F139, 
M24. 
F513, 
M171. 
M102. 
M177. 
MS7. 


Tonalite. Summit of Guéguen, Wandel Island. 


Tonalite. Hovgaard Island. 
Tonalite. Melchior Islands. 
Granodiorite. Hoseason Island. 
Tonalite. Melchior Islands. 
Tonalite. Ibid. 

Diorite. Ibid. 


Meladiorite. Ibid. 


rocks collected by the French, Swedish, and Bel- 
gian Expeditions, all from West Antarctica. 
Bodman" and Pelikan'® mention the zoning of the 
plagioclases in the intrusives studied by them. 

Apparently, twinning in the hornblendes of the 
Melchior Islands intrusives is a distinguishing 
characteristic. Allanite, so commonly noted in 
the rocks of East Antarctica, is a rare constituent. 

In conclusion it might be said that the Melchior 
Islands intrusives definitely have Andean and 
West Antarctica affinities. 


14 Bodman, Gosta, op. cit. 
15 Pelikan, A., op. cit. 





THE PETROGRAPHY OF SOME INTRUSIVE ROCKS FROM 
KING EDWARD VII AND MARIE BYRD LANDS, ANTARCTICA ! 


DUNCAN STEWART, JR. 


Associate Professor of Geology, Lehigh University 


ABSTRACT 


A quantitative microscopical study is made of 33 
quartz-bearing and four intermediate intrusive rocks 
collected in King Edward VII and Marie Byrd Lands by 
the Second Byrd Antarctic Expedition, 1933-1935. 


INTRODUCTION 


BRIEF statements relative to the petrography 
of the igneous rocks of King Edward VII Land 
have been recorded by Schetelig? and Stewart.’ 
Still more intensive studies have been carried on 
by Fennert and Wade® concerning the igneous 
rocks of Marie Byrd Land. 

This study is in part supplementary to the 
work of Wade. Wade* has reported on speci- 
mens 2, 8A, 8B, 11, 24, 54, 148, 153, 154, 157, 
226, 269, 270, and 282. Unpublished results 
constitute a study of specimens 43, 44, 53, 81, 
166, 230F, 243B, and 1.293. His quantitative 
determinations were made with a micrometer 
ocular. The author, in re-working the sections 
noted above, using an improved Wentworth 
recording micrometer, found some variations in 
mineral percentages, and some changes in 
nomenclature are suggested. An aggregate dis- 
tance of 42,707 units was measured in traversing 
each section an average of fourteen times. 

The 1940 surveys of the Edsel Ford Ranges by L. A. 
Warner and C., F. Passel and of the Rockefeller Mountains 
by F. A. Wade were continuations of the work begun in 
1934 by P. A. Siple and F. A. Wade while on the Byrd 
Antarctic Expedition II. It has been considered appro- 
priate to include this detailed petrographical report with 
the reports of the more recent field work in the same and 
adjacent regions.—F. ALTON WADE, senior scientist, 
U.3. A. S. 

* Schetelig, J. Report on rock-specimens collected on 
Roald Amundsen’s South Pole expedition. Skr. Vidensk.- 
Selsk. Kristiania 1915, Mat.-naturv. Ki., no. 4: 12-20, 1915. 

‘Stewart, Duncan, Jr. A contribution to Antarctic 
petrography. Jour. Geol. 42 (5): 548-560, 1934. 

‘Fenner, C. N. Olivine fourchites from Raymond 
Fosdick Mountains, Antarctica. Bull. Geol. Soc. Amer. 
49: 367-400, 1938. 

® Wade, F. A. Petrologic and structural relations of the 
Edsel Ford Range, Marie Byrd Land, to other Antarctic 
mountains. Bull. Geol, Soc. Amer. 48: 1387-1396, 1937. 

6 Jbid., 1391-1392. 
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author 59 thin sections of igneous rocks collected 
in the Rockefeller Mountains and the Edsel 
Ford Ranges. 


CHARACTERISTICS OF THE ROCKS 


As noted in table 1, the specimens examined 
include 33 quartz-bearing and four intermediate 
intrusive rocks. The specimens collected at 
Mount Helen Washington, Rockefeller Moun- 
tains, are alaskite (115, 134) and leuco-sodaclase 
adamellite (47, 140). The specimens collected 
in the Edsel Ford Ranges include leuco-sodaclase 
granodiorite (88), leuco-sodaclase adamellite (11, 
47, 84, 243B), leuco-sodaclase tonalite (85, M 86), 
124P (Johannsen) “tonalite greisen’’ (156a), 
leucogranite (81, 230F), leucoadamellite (2, M6, 
8A-8B, 282), granodiorite (43, 44, 53, 54, 226, 
270, 1.293), adamellite (M24b, M55, 148, 166, 
190, 270x), tonalite (13, M42a, 269), leucosyenite 
(153, 154), and meladiorite (24, 157). 

Under “‘K-feldspar” in table 1 are included 
orthoclase, microcline, and microperthite. Anti- 
perthite is noted in section 270x. The data for 
8A-—8B are an average of two thin sections of the 
same rock. In 31 of the Marie Byrd Land sec- 
tions micrographic intergrowths are noted, and 
in 29 zoning of the plagioclase is recorded. 
Allanite is a typical mineral constituent of many 
acid rocks of East Antarctica;’ it is noted in nine 
Marie Byrd Land sections. Dark, dustlike in- 
clusions (magnetite?) in apatite are quite char- 
acteristic of the Edsel Ford specimens. Topaz 
is noted in three Rockefeller rocks, and fluorite in 
all four. Topaz is recorded in two thin sections 
of rocks from the Edsel Ford Ranges, and fluorite 
in nine. This is of interest from the standpoint 
of the possibility of the occurrence of cassiterite. 
The possible occurrence of cassiterite was sug- 
gested after a study of the Rockefeller specimens 


7 Nockolds, S. R. Petrology of rocks from Queen 
Mary Land. Australasian Antarctic Exped: 1911-14, Sci. 
Repts., ser. A, 4, Geol., pt. 2: 52, 1940. 
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PETROGRAPHY OF SOME INTRUSIVE ROCKS 


collected by Gould. The first occurrence of this 


mineral was recorded in 1939,* a small amount 
being noted in a kalialaskite erratic collected in 
South Victoria Land. 
its presence in King George Land. 


Mawson®!® has recorded 


8Stewart, Duncan, Jr. Petrography of some South 
Victoria Land rocks. Am. Mineralogist 24: 158, 1939. 

®* Mawson, Douglas. Sedimentary rocks. Australasian 
Antarctic Exped. 1911-14, Sci. Repts., ser. A, 4, Geol., pt. 11: 
354-355, 1940. 

10 Mawson, minerals of King 


Douglas. Record of 


CONCLUSIONS 


The study of specimens collected from the 
Rockefeller Mountains, King Edward VII Land, 
and the Edsel Ford Ranges, Marie Byrd Land, 
increases the validity of the suggestion that the 
Rockefeller Mountains intrusives show East 
Antarctica affinities, whereas the intrusive rocks 
of the Edsel Ford Ranges show affinities with 
those of both East and West Antarctica. 


George Land, Adelie Land and Queen Mary Land. Jbid., 
pt. 12: 379, 1940. 





ABSTRACTS OF WORKS ON ANTARCTIC PETROGRAPHY 
DUNCAN STEWART, JR. 


Associate Professor of Geology, Lehigh University 


ABSTRACT 


A supplementary survey of the publications concerning 
the microscopical investigations of rocks from Antarctica. 


In 1940 a paper,' relating to the petrography 
of the Pacific Antarctic, was published in which 
26 references on Antarctic petrography were ab- 
stracted. However, seven additional titles by 
Gourdon were simply listed therein, since the 
contained data were included in the scientific 
reports of Charcot’s two expeditions. 

It is hoped that these additional 52 abstracts 
may be of assistance to those who are interested 
in Antarctic research. 


Barth, T. F. W., and Per Holsem. Rocks from the 
Antarctandes and the Southern Antilles. Being a descrip- 
tion of rock samples collected by Olaf Holtedahl 1927-1928, 
and a discussion of their mode of origin. Sci. Results 
Norwegian Antarctic Exped. 1927-1928 et sqq., no. 18, 64 pp., 
1939. 


Part 1 treats of the igneous and palingenic 
rocks from the Antarctic Archipelago, and part 2 


deals with the composition of the rocks and the 
origin of the Southern Antillean Arc. 

Complete petrographical data are given for 
Recent lavas of Deception Island, which are 
discussed under the headings of neutral lavas 
and acid lavas. Data on the optical properties 
of the minerals examined are recorded. Three 
chemical analyses of andesine basalt, pillow 
lava (bandaitic composition), and _ tridymite 
santorinite, and their norms are _ presented. 
Three modes are given as well as three approxi- 
mate analyses of mineral composition. 

From a small islet in the vicinity of Victor 
Hugo Island were collected eucrites with bands 
of anorthositic composition. Analyses of an 
anorthositic band and a eucrite and their norms 
are presented. Quantitative microscopical data 
for these rocks are included. 

Most of the rock samples from the Port Lock- 
roy area and the outer parts of Flanders Bay are 
quartz dioritic. Chemical composition, norm, 


‘Stewart, Duncan, Jr. Petrography of rocks from the 
Pacific Antarctic. Proc. Sixth Pacific Sci. Cong. 2: 741- 
746, (1939). 


PROCEEDINGS OF THE AMERICAN PHILOSOPHICAL SOCIETY, VOL. 


and mode are recorded for a quartz diorite and 
an adamellite from Port Lockroy. The whole 
area about Port Lockroy seems to be dissected 
by diabase dikes. The chemical composition, 
norm, and computed mode of a carbonatized 
diabase are presented. 

Dolerite from Admiralty Bay is described, and 
chemical analysis, norm, and mode are included. 
Similar treatment is given a dolerite boulder from 
Port Lockroy. 

Other than the Recent lavas of Deception 
Island, no supracrustal rocks were observed in 
situ by Holtedahl, but erratics, probably from 
the peninsula, have been encountered. Included 
in the descriptions of the lavaform rocks is one 
of a quartz porphyrite boulder whose chemical 
composition, norm, and mode are given. 

Igneous breccias are described from the Joubin 
Islands, and a chemical analysis, norm, and 
mode are recorded for a prehnitized rock frag- 
ment in breccia. Chemical analyses and norms 
of igneous breccias from the Joubin Islands and 
Peltier Sound are listed. Tuffs from various 
islands of the archipelago are described. 

Under the heading “Petrology” are presented 
the classification and systematic relations of the 
rocks and a discussion of their origin. 

In part 2 the petrography of the rocks of 
South Georgia, Clerke Rocks, the South Orkney 
Islands, and the South Shetland Islands is 
briefly set forth. Six new chemical analyses, 
norms, and modes are added to those already 
recorded from South Georgia, and two chemical 
analyses of green schists from Clarence Island 
are listed. 

There are 6 tables, 16 text figures, and 4 plates, 
including 13 photomicrographs. 


Barth, T. F. W. Notes on igneous and palingenic rocks 
from the Antarctic Archipelago. A contribution to the 
petrology of circum-Pacific rock types. Proc. Sixth 
Pacific Sci. Cong. 2: 747-754, (1939) 1940. 

This report is a summary statement of the 
results of the investigation of certain igneous 
rock types of the Antarctic Archipelago col- 
lected by Holtedahl in 1927-28. The data in- 
corporated in this paper are noted in the report 
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printed by the Norske Videnskaps-Akademie, 
Oslo, and abstracted above. 


Bayly, P. G. W., and F. L. Stillwell. The Adelie Land 
meteorite. Australasian Antarctic Exped. 1911-14, Sct. 
Repts., ser. A, 4, Geol., pt. 1: 1-13, 1923. 


This paper comprehends a description of the 
only stony meteorite which has been found in the 
Antarctic. Chemical analyses of the meteorite 
are listed. There are two plates. 

Benson, W. N. Report on the petrology of the dolerites 
collected by the British Antarctic Expedition, 1907-1909. 


British Antarctic Exped. 1907-9, Repts. Sci. Investigations, 
Geol. 2, pt. 9: 153-160, 1916. 


The dolerites described came from the mo- 
raines at Cape Royds, Ross Island, from 
Stranded Moraines, the Ferrar Glacier Valley, 
and from points visited by the Northern Party. 
The rocks are composed essentially of basic 
plagioclase and pyroxene, chiefly monoclinic, 
with varying amounts of micropegmatitic inter- 
growth of quartz and feldspar occurring inter- 
stitially. In the collection are quartz, quartz- 
less, and other types of dolerites. Enstatite- 
augite occurs in abundance in the quartz doler- 
Two chemical analyses of erratics from 
Cape Royds are recorded. There are six photo- 
micrographs. 

Berthois, Léopold. Diorite quartzifére de la Terre 


Adelie. Soc. Géol. et Minér. Bretagne, C. R. Séances, An. 1, 
no. 1: 5, 1935. 


ites. 


This note is a brief petrographical analysis of 
a quartz diorite collected by Dumont d’Urville 
in 1840. 


Browne, W.R. The dolerites of King George Land and 
Adelie Land. Australasian Antarctic Exped. 1911-14, Sci. 
Repts., ser. A, 3, Geol., pt. 3: 245-258, 1923. 


The text is divided into two parts, the first 
dealing with the petrography and chemistry of 
a portion of a dolerite sill noted in King George 
Land, and the second with the dolerite erratics 
collected in Adelie Land. There are included 
in the petrographical descriptions three quanti- 
tative microscopical analyses. A chemical an- 
alysis of a specimen of the Horn Bluff, King 
George Land, dolerite is recorded. There are 10 
photomicrographs. 


Burri, C. R. Chemismus und provinziale Verhiltnisse 
der jungeruptiven Gesteine des pazifischen Ozeans und 
seiner Umrandung. Schweizer. mineral. petrograph. Mit- 
teil, 6 (1): 115-199, 1926. 


Of Burri’s five standard types of ‘‘Pacific”’ 
rock series, the igneous rocks of Antarctica have 
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received consideration on pages 150-152 and 159. 
To the Electric Peak type he assigns the intru- 
sives of Graham Land and the lavas of Jenny 
Island. Under the Pelée —- Lassen Peak type he 
tentatively allots the rocks of Tumleo, Kaiser 
Wilhelm Land, and the lavas of Graham Land. 
The lavas of Deception Island belong to the San 
Francisco Mountains type. Of his two stand- 
ard types of ‘Atlantic’ rock series, the Tahiti 
type is recorded as occurring in the Antarctic. 
On pages 177-178 the lavas of Ross Island, 
Cape Adare, and near-by islands are listed under 
this type. 

Cotton, L. A. Petrographical notes on some rocks re- 
trieved from the cache at Depot Island, Antarctic. British 


Antarctic Exped. 1907-9, Repts. Sci. Investigations, Geol. 2, 
appendix to pt. 13: 235-237, 1916. 


Microscopical notes on four rocks—a camp- 
tonite and an augite porphyrite from Cape Ross, 
a granite from Depot Island, and a basic en- 
closure (mica diorite) in Depot Island granite 
are presented. 

Coulson, A. L. Magnetite garnet rocks from the mo- 
raines, Cape Denison, Adelie Land. Australasian Ant- 
arctic Exped, 1911-14, Sci. Repts., ser. A, 3, Geol., pt. 5: 
281-305, 1925. 

The 22 specimens described are erratic schists 
and gneisses which are characterized chiefly by 
an abundance of either magnetite or garnet, or 
of both. These metamorphic rocks have been 
derived from sediments whose compositions 
have been modified by igneous emanations. 
Grubenmann’s classification is used, and an 
additional new group of garnet magnetite rocks 
is suggested. A study is made of pleochroic 
halos and nuclei in biotite in a magnetite- 
garnet gneiss. Included in the text are eight 
Rosiwal determinations and three chemical 
analyses. There are six photomicrographs and 
two figures of specimens. 

David, T. W. E., W. F. Smeeth, and J. A. Schofield. 
Notes on Antarctic rocks collected by Mr. C. E. Borch- 


grevink. Jour. and Proc. Royal Soc. New South Wales 
1895, 29: 461-492, 1896. 


The specimens considered were collected on 
Possession Island and at Cape Adare. Petro- 
graphical descriptions of the Cape Adare rocks, 
principally extrusives, are given on pages 471-— 
484. Here are included three chemical analyses 
of trachyte, olivine basalt, and mica schist, two 
partial analyses of limburgites, and one partial 
analysis of a biotite. The Possession Island 
specimens are principally basalts. Three plates 
of 17 figures accompany the paper. 
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Glastonbury, J. O. G. Petrological notes on further 
rock specimens collected from in situ occurrences, Common- 
wealth Bay region. Australasian Antarctic Exped, 1911- 
14, Sci. Repts., ser. A, 3, Geol., pt. 6: 309-330, 1940. 


A petrographical study is made of amphibo- 
lites and contained xenoliths from Cape Denison, 
gneisses and amphibolites from Stillwell Island, 
and gneisses from Madigan Nunatak. These 
notes supplement the work of Stillwell (vol. 3, 
pt. 1). Six quantitative microscopical analyses 
are presented. There are seven photomicro- 
graphs. 


Glastonbury, J. O. G. Acid effusive and hypabyssal 
rocks (from the moraines). Australasian Antarctic Exped. 
1911-14, Sct. Repts., ser. A, 4, Geol., pt. 4: 115-134, 1940. 


This paper includes relatively brief qualita- 
tive microscopical descriptions of erratic felsites, 
granophyres, porphyries, and entirely recrystal- 
lized rocks. There are four photomicrographs. 


Glastonbury, J. O. G. Basic igneous rocks and meta- 
morphic equivalents from Commonwealth Bay. Australa- 
sian Antarctic Exped. 1911~14, Sci. Repts., ser. A, 4, Geol., 
pt. 5: 137-180, 1940. 


Glastonbury uses Johannsen’s modal classifi- 
cation of the igneous rocks, and follows closely 
Harker’s treatment of metamorphic rocks in the 
petrographical studies of basic igneous rocks and 
metamorphic equivalents collected from the 
moraines at Cape Denison. The descriptions 
are of diorites, basalts, dolerites, and gabbros. 
The metamorphics include representatives of 
Harker’s series 6, c, d, e, and f. There are nine 
quantitative microscopical analyses of the ig- 
neous rocks and one calculated approximate 
chemical composition. Eight quantitative mi- 
croscopical analyses ond one calculated approxi- 
mate chemical composition are included in the 
descriptions of the metamorphic rocks. There 
are eight photomicrographs. 


Glastonbury, J.O. G. Certain epidotic rocks from the 
moraines, Commonwealth Bay. Australasian Antarctic 
Exped. 1911-14, Sct. Repts., ser. A, 4, Geol., pt. 6: 183-196, 
1940, 


Twenty rocks are described petrographically. 


These specimens are divided into feldspar- 
epidote, saussuritized-epidote, epidote-actinolite- 
feldspar, hornblende (or _biotite)-epidote-feld- 
spar, and epidote rocks, and those showing 
cataclastic effects. There are two photomicro- 
graphs. 


Glastonbury, J. O.G. Metamorphosed limestones and 
other calcareous sediments from the moraines. A further 
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collection. Australasian Antarctic Exped, 1911-14, Sci. 
Repts., ser. A, 4, Geol., pt. 8: 295-322, 1940. 


Thirty-four marbles and gneisses are described, 
these being characterized by such minerals as 
actinolite, diopside, epidote, forsterite, garnet, 
phlogopite, pyroxene, and tremolite. Included 
are a chemical analysis of purplish pink matter 
noted in a diopside-actinolite-feldspar injection 
gneiss and an analysis of a diopside. There are 
four photomicrographs. 


Glastonbury, J. O. G. Some hybrid gneisses from the 
moraines, Cape Denison, Australasian Antarctic Exped. 
1911-14, Sci. Repts., ser. A, 4, Geol., pt. 9: 325-333, 1940. 


The 17 gneisses described fall into three types, 
namely, hornblende-feldspar (augen) gneisses, 
injection gneisses, and pegmatitic rocks con- 
taining ferromagnesian constituents. 


Jensen, H. I. Report on the petrology of the alkaline 
rocks of Mount Erebus, Antarctica. British Antarctic 
Exped. 1907-9, Repts. Sci. Investigations, Geol. 2, pt. 7: 
93-128, 1916. 


The rocks described are considered as differ- 
entiates of a magma of the composition of inter- 
mediate kenytes. The complete qualitative mi- 
croscopical descriptions cover rocks collected 
not only from Erebus, but from other localities 
on Ross Island. Recorded are chemical analyses 
of a trachyte (trachy-phonolite) from Mount Cis, 
kenyte from the Skuary, vitrophyric kenyte from 
Turk’s Head, limburgite, pumice, and feldspar 
from Mount Erebus, olivine basalt from Cape 
Barne, phyrohornblende trachyte and kulaitic 
basalt from Cape Bird, and leucite tephrite from 
Crater Hill. There are 27 photomicrographs. 


Kleeman, A. W. Schists and gneisses from the mo- 
raines, Cape Denison, Adelie Land. Australasian Antarctic 
Exped. 1911-14, Sci. Repts., ser. A, 4, Geol., pt. 7: 197-292, 
1940. 


The rocks described in this monograph 
have been altered by regional metamorphism. 
Thirty-seven microscopical descriptions of meta- 
morphosed sedimentary rocks are grouped under 
the headings of argillaceous rocks, argillaceous 
rocks altered by the addition of volatiles, semi- 
calcareous argillaceous rocks, impure arenaceous 
rocks, and unusual types. The descriptions of 
the 41 metamorphosed acid igneous rocks are 
grouped under mylonites and cataclastites, rocks 
in which crushing has been accompanied or 
followed by a rise in temperature and conse- 
quent regional metamorphism, granite gneisses 
formed by flowing without crushing, tourmaline- 
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bearing rocks, and gneisses formed by the in- 
trusion of granites during the period of orogenic 
stress. This is followed by petrographical 
descriptions of 14 rocks of doubtful origin, in- 
cluding garnet rocks. Eighteen quantitative 
microscopical analyses and a number of ap- 
proximate analyses are recorded. There are 20 
photomicrographs. 


Macleod, W. A., and O. E. White. Supplementary notes 
on some Antarctic rocks and minerals. Papers and Proc. 
Royal Soc. Tasmania 1900-1901: 38-41, 1902. 


This paper comprehends incomplete descrip- 
tions of a small suite of specimens, apparently 
collected by Borchgrevink. There are four 
figures. 


Mawson, Douglas. Petrology of rock collections from 
the mainland of South Victoria Land, British Antarctic 
Exped. 1907-9, Repts. Sci. Investigations, Geol. 2, pt. 13: 
201-234, 1916. 


This paper contains descriptions of specimens, 
chiefly erratics, from the Beardmore Glacier 
area, the Ferrar Glacier area, and from the coast- 
line between latitudes 78° and 75°S., South 
Victoria Land. Chemical analyses of an arkose, 
hornblende-biotite granite, biotite granite, ap- 
litic granite porphyry, quartz porphyry, kersan- 
tite, sphene-biotite-hornblende diorite and _ bio- 
tite-hornblende diorite are recorded. There are 
13 photographs of specimens and 12 photo- 
micrographs. 


Mawson, Douglas. Sedimentary rocks. Australasian 
Antarctic Exped. 1911-14, Sci. Repts., ser. A, 4, Geol., pt. 
11: 347-367, 1940. 


The rocks described in this paper are con- 
sidered under two headings—those collected 
in situ and those found only as erratics. The 
only im situ occurrence of sedimentary rock 
noted by the expedition is at Horn Bluff, King 
George Land. The series is typified by sand- 
stones that carry coal greatly altered by heat 
from a dolerite sill intrusion. Cassiterite is 
recorded as occurring in the im situ sandstone. 
Brief descriptions of nine in situ rocks are pre- 
sented. Forty-one rocks, found only as erratics, 
are described, some descriptions being micro- 
scopic and some megascopic. One quantitative 
microscopical analysis of a coarse-grained sedi- 
mentary rock and one chemical analysis of 
typical morainic material from Cape Denison 
are included. There are four photomicrographs, 
four photographs of specimens, and four photo- 
graphs of rock outcrops. 
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Mawson, Douglas. Record of minerals of King George 
Land, Adelie Land and Queen Mary Land. Australasian 
Antarctic Exped, 1911-14, Sci. Repts., ser. A, 4, Geol., pt. 
12: 371-404, 1940. 


The listing and descriptions of the minerals 
are considered under two sections—those col- 
lected from King George, Adelie, and Queen 
Mary Lands, and those from Queen Mary and 
Kaiser Wilhelm Lands. Copious references are 
made to the descriptions recorded in other parts 
of volumes 3 and 4. Chemical analyses of 
orthoclase, adularia, highly sodic plagioclase, 
cordierite, and two diopsides are listed, as well 
as an analysis of rookery liquors. 


Mawson, Douglas. Catalogue of rocks and minerals 
collected in Antarctic lands. Australasian Antarctic Exped. 
1911-14, Sci. Repts., ser. A, 4, Geol., pt. 13: 405-432, 1940. 


Close to 1,500 rock and mineral specimens 
were collected by the expedition, of which the 
greater number are erratics and which do not 
include the dredgings and the large collections 
from Macquarie Island. In this paper the 
individual specimens are listed as to number, 
descriptive title, locality, and where cited in 
volumes 3 and 4 of the expedition reports. 


Mountain, E. D. Potash-oligoclase from Mt. Erebus, 
Antarctic, and anorthoclase from Mt. Kenya, East Africa. 
Mineral. Mag. 20 (109): 331-345, 1925. 


Two types of potash-oligoclase, collected by 
the “Terra Nova” Expedition, from leucite 
kenytes are recorded: one, stumpy and with 
a white surface, and the other, prismatic with 
rhombic cross-section and coated with a black 


vesicular lava. Their physical properties are 
compared with the anorthoclases of Mount 
Kenya and Kilima-njaro, and chemical analyses 
of the two Erebus types are compared with a 
chemical analysis of the Kenya anorthoclase. 
There are nine figures in the text. 


Nockolds, S. R. Petrology of rocks from Queen Mary 
Land. Australasian Antarctic Exped. 1911-14, Sci. Repts., 
ser. A, 4, Geol., pt. 2: 15-86, 1940. 


This monograph is divided into two sections: 
the first, a report on rocks from eastern Queen 
Mary Land; the second, a report on rocks from 
western Queen Mary and Kaiser Wilhelm Lands. 
Comparisons are made between the rocks of 
eastern Queen Mary Land and Kaiser Wilhelm, 
Adelie, and South Victoria Lands. From South 
Victoria Land westward to Kaiser Wilhelm 
Land the acid rocks “start with predominant 
granodiorite types and end with alkali granites. 
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A feature of this province, if province it can be 
called, is the universal presence of orthite in all 
the acid rocks.”’ 

Comparisons are made in section 2 between 
the rocks of western Queen Mary, eastern Queen 
Mary, and Kaiser Wilhelm Lands. There is a 
much greater resemblance between the basement 
rocks of western Queen Mary and Kaiser Wil- 
helm Lands than between eastern and western 
Queen Mary Land. 

The rocks studied cover granites, pegmatites, 
quartz and quartz-tourmaline rocks, tonalites, 
trondhjemitic types, charnockites (acid and 
basic), other hypersthene-bearing rocks, leucite 
basalt, metamorphosed igneous and sedimentary 
rocks, and pseudotachylyte. Included in the 
descriptions are 23 modes. There are 6 photo- 
micrographs, 31 camera lucida drawings, and 3 
other figures. 

Prior,G.T. Petrographical notes on the rock-specimens 
collected in Antarctic regions during the voyage of H. M.S. 


Erebus and Terror under Sir James Clark Ross, in 1839-43. 
Mineral, Mag. 12 (55): 69-91, 1898. 


This paper embodies brief descriptions of 
rocks collected by the Ross Expedition during 
the three voyages southward. The data pre- 
sented relate to basalts, palagonite tuff, phono- 
lite, and muscovite granite from 
Island (pp. 76-79); basalt from Franklin Island 
(pp. 79-80); pebbles of various rock types taken 
from seals and penguins between latitudes 
63°04’ and 67°S. and longitudes 151°02’ and 
156° W. (pp. 82-85); Cockburn Island rocks 
(pp. 86-90) ; and pebbles taken from the stomach 
of a penguin caught off Louis Philippe Land 
(pp. 90-91). Three chemical analyses are listed. 


Possession 


Prior, G. T. Report on the rock-specimens collected by 
the ‘Southern Cross” Antarctic Expedition. Rept. “ South- 
ern Cross’ Collections (British Museum): 321-332, 1902. 


Recorded are petrographical descriptions of 
granites, plagioclase-olivine-augite-biotite rock, 
quartz felsites, quartz grits, basalts, 
phonolitic trachytes, and kenytes. These speci- 
mens were collected from Cape Adare, Robert- 
son Bay, Possession, Franklin, Ross, and Coul- 
man Islands, and Newnes Land. There are 
chemical analyses of a basalt and a phonolitic 
trachyte. One plate and one photograph of a 
rock outcrop accompany the text. 


slates, 


Prior, G. T. 
during the “Discovery” 
National Antarctic Exped. 
Geol.: 101-140, 1907. 


Report on the rock-specimens collected 
Antarctic Expedition, 1901-4. 
1901-1904, Nat. Hist. 1, 


DUNCAN STEWART, JR. 


This work comprises petrographical descrip- 
tions of a portion of a suite of some 1,000 rock 
specimens collected from South Victoria Land 
and some of its islands. The specimens are 
considered under five headings: namely, vol- 
canic rocks, crystalline limestones, gneisses and 
granites, lamprophyric and other dike rocks, the 
Beacon sandstone, and dolerites. The volcanic 
rocks include hornblende basalts, olivine basalts, 
basalt tuffs, kenytes, phonolitic trachytes, and 
phonolites. There are 11 chemical analyses 
listed. The C. I. P. W. classification and the 
system of Osann are both used in the descrip- 
tions of the igneous rocks. Fourteen text figures 
and three plates are included in the report. 


Prior, G. T. Petrographical notes on the dolerites and 
rhyolites of Natal and Zululand. Ann, Natal Mus. 2 (2): 
141-157, 1910. 


Brief reference is made on pages 144, 149, 150, 
and 152 to the dolerites of South Victoria Land, 
and comparisons are drawn between these rocks 
and those of similar character in Natal and 
Zululand. 


Rastall, R. H., and R. E. Priestley. The slate-grey- 
wacke formation of Robertson Bay. British Antarctic 
(‘Terra Nova’) Exped. 1910, Nat. Hist. Rept., Geol. 1 (4): 
121-129, 1921. 


Rastall records brief petrographical notes on 
the slate-graywacke rocks (pp. 125 and 126), 
and on the sedimentary erratics collected on the 
Newnes and Murray Glaciers (p. 127). 


Reinisch, R. Petrographische Beschreibung der Gauss- 
berg-Gesteine. Deutsche Stidpolar-Exped. 1901-1903, 2 
(1), Kartographie und Geologie: 73-87, 1906. 


The petrographical descriptions are of leucite 
basalts, ‘‘magmatische Ausscheidungen,”’ foreign 
inclusions, and leucite basalt tuffs. There are 
nine chemical analyses. Included are nine text 
figures and one plate of six photomicrographs. 


Reinisch, R. Erratische Gesteine (besonders aus 
Eisbergen). Deutsche Siidpolar- Exped. 1901-1903, 2 (7), 
Geographie und Geologie: 629-640, 1912. 


This paper is a study of erratics collected from 
icebergs in the vicinity of the winter quarters and 
from the moraines of the Gaussberg. The speci- 
mens include granite, gabbro, paragneisses, 
carrying garnet, sillimanite, and _ cordierite, 
orthogneisses, amphibolite, crystalline limestone, 
quartzite, sandstone, and leucite basalt tuff. 

Skeats, E. W. Reports on the petrology of some lime- 


stones from Antarctica. British Antarctic Exped. 1907-9, 
Repts. Sci. Investigations, Geol, 2, pt. 12: 189-200, 1916. 















ABSTRACTS OF WORKS ON 


This paper comprises a study involving an 
examination of some 40 thin sections of erratics 
obtained from various localities in South Vic- 
toria Land, and of two limestones collected 
in situ which contain Archiocyathinae. The 
erratics are breccias, odlitic limestones, lime- 
stones, dolomite(?), and marble. One chemical 
analysis is recorded. There are eight photo- 
micrographs. 


Smith, W. Campbell. The plutonic and hypabyssal 
rocks of South Victoria Land. British Antarctic (‘‘Terra 
Nova”) Exped. 1910, Nat. Hist. Rept., Geol. 1 (6): 167-227, 
1924, 


This work comprises complete petrographical 
descriptions of specimens collected in the 
McMurdo Sound and Terra Nova Bay regions, 
Cape Adare, Robertson Bay, and Beardmore 
Glacier areas. 

The descriptions of the McMurdo Sound 
rocks include those of gray biotite granite 
(hornblende-free granodiorite), which rock type 
contains numerous inclusions of gneisses, granu- 
lites, and limestones, para-pyroxene granulite, 
aplite, pink hornblendic biotite granite, pegma- 
tite, quartz-orthoclase porphyry, orthoclase por- 
phyry, augite-bearing vogesite, camptonite, spes- 
sartite, hornblende lamprophyre, augite-biotite 
kersantite, and biotite porphyrite. Reference 
is made to the quartz dolerites. The majority 
of the specimens were collected in situ. 

The Terra Nova Bay rocks were collected 
from in situ occurrences and as erratics. Among 
those erratics collected from Evans Cove Beach 
are several types of rocks similar to those de- 
scribed from the McMurdo Sound region. 
Descriptions of two enstatite peridodite erratics 
are given. Biotite diorites, collected from out- 
crops, are described in some detail, as well as 
granites and microgranites found intruding the 
diorites. Less space is devoted to hornblendic 
biotite granite, aplites, and pegmatites. 

A number of erratics collected at Cape Adare 
and in the vicinity of Robertson Bay are briefly 
described. Brief statements are recorded as to 
the nature of the quartz dolerites and granites 
obtained in the Beardmore area. 

There are 13 chemical analyses of rocks col- 
lected by the expedition, and comparison is 
made with 17 analyses of other Antarctic rocks 
and 6 from other continents. Eight norms are 
listed. There are two photomicrographs, three 
camera lucida drawings, one photograph of a 
specimen, six photographs of outcrops, one 
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sketch of an outcrop, seven sketch maps, and 
two maps in pocket. 


Smith, W. Campbell, and F. Debenham. The meta- 
morphic rocks of the McMurdo Sound region. British 
Antarctic (‘Terra Nova”) Exped. 1910, Nat. Hist, Rept., 
Geol. 1 (5): 133-144, 1921. 


This paper comprehends quite detailed descrip- 
tions of crystalline limestones, pyroxene granu- 
lites, and crystalline schists. The crystalline 
schists vary considerably in different parts of 
the region, including garnet-sillimanite, cor- 
dierite-garnet, biotite and _ biotite-hornblende 
gneisses, biotite amphibolite, and hornblende 
schist. There are four photomicrographs. 


Smith, W. Campbell, and R. E. Priestley. The meta- 
morphic rocks of the Terra Nova Bay region. British 
Antarctic (‘‘Terra Nova’’) Exped. 1910, Nat. Hist. Rept., 
Geol. 1 (5): 145-166, 1921. 


The specimens found in situ and described 
microscopically are garnetiferous biotite gneiss 
and porphyritic biotite-orthoclase gneiss. Of 
the collection of erratics, including some 770 
specimens, almost every one was thin-sectioned. 
The principal types are biotite gneiss, muscovite- 
biotite schist, crystalline limestone, para-granu- 
lite, and graphic mica schist. There are nine 
photomicrographs, one photograph of a speci- 
men, and one map. 


Stewart, Duncan, Jr. Notes on some Adelie Land rocks. 
Am. Mineralogist 23 (7): 464-467, 1938. 


Brief petrographical descriptions are recorded 
of 11 metamorphic rocks, collected by the Aus- 
tralasian Antarctic Expedition, from Adelie 
Land, including 5 quantitative microscopical 
analyses. 


Stewart, Duncan, Jr. Notes on some Marie Byrd Land 
rocks. Am. Mineralogist 26 (1): 42-49, 1941. 


A petrographical qualitative study is made of 
44 metamorphic and 3 sedimentary rocks of the 
Edsel Ford Ranges, and comparisons are made 
between these rocks and those examined from 
other Antarctic lands. 


Stewart, Duncan, Jr. Preliminary report on some in- 
trusives of the Melchior Islands, Antarctica. Proc. Amer. 
Philos. Soc. 89: 146-147, 1945. 


A quantitative microscopical study is made of 
typical quartz-bearing and intermediate rocks of 
the Melchior Islands, and comparisons are made 
between these rocks, collected by the U. S. 
Antarctic Service Expedition, and those col- 
lected by other expeditions in the western area 
of the Palmer Land Peninsula and its islands. 
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Stewart, Duncan, Jr. The petrography of some in- 
trusive rocks from King Edward VII and Marie Byrd 
Lands. Proc. Amer. Philos. Soc. 89: 148-151, 1945. 


A quantitative microscopical study is made 
of 33 quartz-bearing and 4 intermediate rocks 
collected by the Second Byrd Antarctic Expedi- 
tion, 1933-1935. 


Stillwell, F. L. The metamorphic rocks of Adelie Land. 
Section 1. Australasian Antarctic Exped. 1911-1914, Sci. 
Repts., ser. A, Geog., Physiog., Glaciol., Oceanog., and Geol., 
3, pt. 1: 1-230, 1918. 


The petrography and chemistry of meta- 
morphic rocks collected in situ at Capes Denison, 
Hunter, and Gray, Cape Pigeon Rocks, Great 
Mackellar and Stillwell Islands, Garnet Point, 
Madigan Nunatak, and Aurora Peak are dis- 
cussed in considerable detail. The chief rock 
types include phyllite, gneisses, and amphibo- 
lites. Seventy-one specimens are referred to 
in the text. There are 14 text figures, 50 photo- 
micrographs, 26 photographs of specimens, 47 
photographs of outcrops, etc., and 2 maps. 
Included in the report are 29 quantitative micro- 
scopical analyses and 15 chemical analyses. 
The nomenclature generally adopted is that of 
Grubenmann. 


Stillwell, F.L. Amphibolites and related rocks from the 
moraines, Cape Denison, Adelie Land. Australasian 
Antarctic Exped. 1911-14, Sci. Repts., ser. A, 3, Geol., pt. 4: 
259-280, 1923. 


Although complete chemical analyses are not 
available, the rocks described in this paper are 
fitted into Grubenmann’s classification, inas- 
much as the chemical composition is reflected in 
the mineral composition. The specimens con- 
sidered include amphibolites, gabbro schists 
and gneisses, magnesium silicate gneisses, and 
plagioclase gneisses. There is one chemical 
analysis of a highly calcic feldspar, and one 
determination of the alkalies of a microcline. 
One quantitative microscopical analysis of an 
amphibolite is listed. There are four photo- 
micrographs and four photographs of specimens. 

Summers, H. S., and A. B. Edwards. Granites of King 
George Land and Adelie Land. With an appendix by A. 


W. Kleeman. Australasian Antarctic Exped. 1911-14, 
Sci. Repts., ser. A, 4, Geol., pt. 3: 87-113, 1940. 


A study is made of 17 acid igneous erratics 
from Cape Denison and of 5 specimens collected 
in situ at Penguin Point. Six chemical analyses 
and norms of granite erratics from Cape Denison 
are recorded. Fourteen Rosiwal analyses ac- 
company the rather complete petrographical 
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descriptions. In four instances the calculated 
composition is given and compared with the 
actual chemical analysis in each case. In the 
appendix, Kleeman records six quantitative 
microscopical analyses with the descriptions. 
He uses Johannsen’s classification. There are 
six photomicrographs. 


Thomson, J. A. On the rock specimens from Central 
and Western Australia. Collected by the Elder Scientific 
Exploring Expedition of 1891-2. Jour. and Proc. Royal 
Soc. New South Wales 1911, 45, pt. 3: 292-317, 1912. 


On pages 312 and 313 brief mention is made of 
the petrography of the dolerites and quartz 
dolerites of Victoria Land. 


Thomson, J. A. Report on the inclusions of the vol- 
canic rocks of the Ross Archipelago. British Antarctic 
Exped. 1907-9, Repts. Sci. Investigations, Geol. 2, pt. 8: 
129-148, 1916. 


The microscopical descriptions include those 
of olivine, pyroxene, and gabbroid nodules from 
the basalts and limburgites of Hut Point; sani- 
dinites, microsanidinites, and plagioclase-pyrox- 
ene inclusions in the trachyte of Mount Cis; 
sanidinites and microtinites in kenytes from 
Cape Royds, Inaccessible Island, and Tent 
Island, and in erratics from Capes Royds and 
Barne; microsanidinite in a basic rock from Hut 
Point; erratic sanidinite from Cape Royds; or- 
bicular augite syenite erratic from near Mount 
Cis; quartz-bearing inclusions in kenyte of 
Cape Royds and Sentinel Hill, and hornblendic 
inclusions in trachytes from Observation Hill 
and Cape Bird. Suggested origins of the sani- 
dinites, microtinites, and hornblendic inclusions, 
and a classification of the inclusions are given. 
There are 16 photomicrographs and 1 photo- 
graph of a specimen. 


Tilley, C. E. The metamorphic limestones of Common- 
wealth Bay, Adelie Land. Australasian Antarctic Exped. 
1911-14, Sci. Repts., ser. A, 3, Geol., pt. 2: 231-244, 1923. 


The group of rocks which are described repre- 


sent a collection of erratics taken from the 
moraines at Cape Denison, Adelie Land. They 
include the following types of marbles: forsterite, 
tremolite, diopside-tremolite, pyroxene-garnet, 
pyroxene-epidote, and epidote, as well as car- 
bonate-free calc-silicate rocks. There are four 
photomicrographs and two photographs of 
specimens. 


Tilley, C. E. 


nockite series. 


Enderbite, a new member of the char- 
Geol. Mag. 73: 312-316, 1936. 
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Enderbite is suggested for an acid member of 
the charnockite series characterized by rhombic 
pyroxene in which the plagioclase (oligoclase or 
andesine) is the essential feldspar. Enderbite 
is noted in the group of rocks collected by the 
B. A. N. Z. Antarctic Research Expedition, 
1929-1931. One mode, one chemical analysis, 
and its norm are recorded. 

Tilley, C. E. 


Antarctic Research Exped. 1929-1931, Repts., ser. 
(Geol.), pt. 1: 1-16, 1937. 


Rocks from Enderby Land. B.A. N. Z. 
A, 2 


A petrographical study is made of rocks col- 
lected in situ and as erratics from Proclamation 
Island, Enderby Land. Rocks of the char- 
nockite series probably represent the principal 
rock types of the island, and are classified as 
ultrabasic, basic, and acid. Included in the 
descriptions are microscopical data on garnet 
orthogranulites, which specimens were collected 
principally from in situ exposures. There are 
also petrographical descriptions of erratics with 
no clear relationship to rock types met with 
in situ, including gneisses of igneous and sedi- 
mentary origin and metamorphosed dolerites. 
Chemical analyses of a charnockite, an ender- 
bite, and a garnet granulite are recorded. There 
are nine photomicrographs and one photograph 
of a rock specimen. 

Tilley, C. E. Rocks from MacRobertson Land, Ant- 
arctica. B.A. N. Z. Antarctic Research Exped. 1929- 
1931, Repts., ser. A, 2 (Geol.), pt. 2: 17-26, 1937. 


About 50 rock specimens appear in the collec- 
tions from MacRobertson Land which were sub- 
mitted for study. Landings were made at 
Scullin Monolith and Cape Bruce. The speci- 
mens are all coarse-grained rocks, of which the 
most outstanding feature is the prevalence of red 
garnet. About one-quarter of the rocks studied 
are paragneisses, the remainder being igneous or 
contaminated rocks. Chemical analyses of a 
garnet-biotite-plagioclase orthogneiss and of a 
quartz-andesine-garnet gneiss from Cape Bruce 
are recorded. Four photomicrographs and two 
photographs of specimens accompany the text. 
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Tilley, C. E. A group of gneisses (sillimanitic and cor- 
dieritic) from the moraines at Cape Denison, Antarctica. 
Australasian Antarctic Exped. 1911-14, Sci. Repts., ser. A, 
4, Geol., pt. 10: 337-344, 1940. 


The suite of 29 specimens described includes 
paragneisses, garnet gneiss, sillimanite pegma- 
tite, and cordierite pegmatites, the last com- 
posing the majority of the rocks. There are 
two photographs of specimens. 


Walkom, A. B. Report on the pyroxene granulites 
collected by the British Antarctic Expedition, 1907-1909. 
British Antarctic Exped. 1907-9, Repts. Sci. Investigations, 
Geol. 2, pt. 10: 161-168, 1916. 


The pyroxene granulites described in this 
paper are all erratics collected at Cape Royds, 
Ross Island. Three classes are considered, 
namely, acid pyroxene granulites, scapolite- 
bearing pyroxene granulites, and basic pyroxene 
granulites. Fifteen specimens are analyzed qual- 
itatively with the microscope. Garnet is absent 
from the series, whereas sphene is a constant 
constituent, in contrast with the composition 
of pyroxene granulites from other parts of the 
world. Two chemical analyses are recorded, 
and five photomicrographs accompany the text. 


Woolnough, W. G. Petrological notes on some of the 
erratics collected at Cape Royds. British Antarctic Exped. 
1907-9, Repts. Sci. Investigations, Geol. 2, pt. 11: 169-188, 
1916. 


This paper comprehends microscopical de- 
scriptions of pegmatites, aplite, sodalite syenites, 
quartz diorite, granophyric granite porphyry, 
granophyre, feldspar porphyry, minettes, voge- 
site, porphyrite, sericitized diabase porphyry, 
sélvsbergites, sapphire-bearing trachyte, cor- 
undum-bearing trachyte, spherulitic trachyte, 
dense porphyritic basalt, actinolite gneiss, tremo- 
lite gneiss, actinolite schists, fine tremolite schist, 
spotted schist, phyllite, quartz schist, and 
micaceous sandstone. There are 12 photo- 
micrographs. A chemical analysis of the grano- 
phyric granite porphyry is recorded. 





THE PHYSICAL ASPECTS OF THE ROSS SHELF ICE 


Major F. ALTON WADE, U. S. Army 
Senior Scientist, U. S. Antarctic Service 


(Read November 21, 1941, in the Symposium) 


INTRODUCTION 


HERETOFORE, investigations of the physical 
aspects of glacier ice have been largely confined 
to the ice of valley glaciers and to ice caps over- 
lying land masses. Further, many of the in- 
vestigations were in regions where the summer 
temperatures are relatively high and melt-water 
plays an important part in modifying the struc- 
ture and texture of the ice masses. Our in- 
vestigations were confined largely to the Ross 
Shelf Ice, where conditions are quite different 
from those in the previously investigated regions. 

Our program of research in ice studies was a 
carefully planned one. In order that our in- 
vestigations might be comparable with those 
carried on in recent years by the leaders in the 
field of glaciology, the Association for the Study 
of Snow and Ice (London) was invited to pro- 
pose a research program for the expedition and 
to make suggestions regarding methods and 
equipment. Through the splendid efforts of the 
Association's secretary, Mr. Gerald Seligman, 
and the co-operation of the members, a program 
was presented to us, and our final plans were 
based for the most part upon the suggestions of 
our British colleagues. 

As was the case with the plans of most polar 
expeditions, many modifications became neces- 
sary. Two things in particular were responsible 
for the major changes and for the incompleteness 
that is apparent in many phases of the program, 
namely, the failure of the Snow Cruiser! and the 
unexpected termination of the expedition after 
one year in the field. 

According to the original plans, two stations 
for glaciological research were to have been 
maintained, one at West Base and the other on 
the polar ice cap where the Snow Cruiser would 


' The Snow Cruiser was a mobile unit 55 feet long, 20 
feet wide, and 15 feet high, mounted on four rubber-tired 
wheels 10 feet in diameter. The cruiser Diesel- 
electric driven and had an estimated cruising range of 
5000 miles. It was manned by a crew of four and could 
carry sufficient supplies for a year in the field. The 
principal reason for its failure was insufficient power. 


was 


winter. As it worked out, West Base was lo- 
cated on the Ross Shelf Ice and the Snow Cruiser 
was parked at the base. The two units were 
combined and all investigations of the ice were 
carried on at the base. If certain members of 
the expedition had been free to confine their 
activities to ice studies alone, much more would 
have been accomplished. As it was, the greater 
part of the work was done in the winter months 
on a part-time basis by Lawrence Warner and 
the author, and it was discontinued during the 
summer months while we were in the field with 
geological survey parties. It was our intention 
to complete the work during the second winter, 
but the expedition was ordered home because of 
the international situation and our work was 
never finished. 


Shelf Ice, also called ‘Barrier,’ is defined as 


‘“‘a thick, floating, fresh-water ice formation 
pushing out from the land and continuous with 


an extensive glacier.”” The term was first 
introduced by Nordenskjéld and later adopted 
by Wright and Priestley? and other writers. 
According to these authors, “It is unfortunate, 
perhaps that portions of the ice formation to 
which the name was originally given may pos- 
sibly be formed over projecting rocks and small 
islands, but if these islands are submerged or 
insignificant in size, as believed by Nordenskjéld, 
their presence does not materially affect the 
question at issue, which is the origin of the ice 
mass as a whole.” 

At the time the above was written, only 
marginal portions of the Ross Shelf Ice had been 
observed. Subsequent explorations have re- 
vealed the presence of islands or shoals in the 
central area of the shelf. As has already been 
pointed out by the author,‘ the Ross Shelf Ice 


2 Hayes, J. Gordon. Antarctica, 386. London, 1928. 

’Wright, C. S., and R. E. Priestley. British (Terra 
Nova) Antarctic Expedition 1910-1913, Glaciology: 162. 
London, 1922. 

‘Wade, F. A. Glaciological studies in King Edward 
VII Land and northwestern Marie Byrd Land. Geog. 
Rev. 27: 592-593, 1937. 
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Fic. 1. 


was formed by the confluence of extended masses 
of island ice, glacier tongues, and sea ice. It is 
not, therefore, an entirely free-floating mass, and 
much of its deformation has been due to differ- 
ential movements between the free-floating and 


static sections. It is admitted that the greater 


Fic. 2. 


The northern clifflike edge of the great ‘‘Ross Barrier 


ICE 


Official photo United States Antarctic Service 


” 


part of this mass of ice is free-floating, and our 
observations were confined to a portion of that 
part. The Ross Shelf Ice is the largest mass of 


ice that falls within this category (figs. 1, 2). 
It covers the greater portion of the Ross Sea 
and is kept in existence today by the accumula- 


Official photo United States Antarctic Service 


The steep, drift-filled junction of the Ross Shelf Ice and bay ice in the Bay of Whales. 
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Fic. 3. The pit around the head of which 
the Ice Laboratory was constructed. 


tion of precipitated snow and drift snow from 
adjacent areas on its surface and by the relatively 
small amount that is added on its landward 
margins yearly by the slowly advancing valley 
glaciers and ice sheet. The annual amount of 
melting by the sea water below is apparently 
equal to the yearly accumulation on the surface, 
for, although no accurate measurements have 
been made, the surface of the ‘‘Barrier’’ appears 
to remain at the same elevation above sea-level 
from year to year. 

The Ross Shelf Ice near its forward edge is 
composed of consolidated drift and precipitated 
snow. It moves forward only a few feet each 
year over a liquid medium and can for most 
purposes be considered a static mass. 

Our investigations included the following 
studies which will be taken up in order: (1) 
the density increase in the upper layers of 
shelf ice; (2) size and orientation of the ice 
crystals at various depths; (3) banding in the 
névé; (4) changes in the level of the snow surface; 


(5) the temperatures at various depths of the 
névé. 


THE DENSITY INCREASE IN THE UPPER 
LAYERS OF SHELF ICE 


In order to procure samples from various 
levels below the surface and to study the profile 
of the névé, a pit was dug in the floor of the Ice 
Laboratory at West Base (figs. 3,4). The shaft 
head was 2 X 2 meters, and the depth to which 
we were able to go during the limited time was 
7 m. Prior to excavating the main pit, an 
auxiliary pit 2 m. deep was dug at a point ap- 
proximately 200 m. west of the Ice Laboratory. 
The profiles of the uppermost 2 m. of névé and 
the densities of the upper layers in both pits 
were compared and checked. The structure of 
the névé was similar in many respects: to that 
described in other regions. 

The névé of the shelf ice is definitely stratified. 
The various strata vary considerably in thick- 
ness and in texture. The thickness of a stratum 
varies considerably in short horizontal distances. 
Thin beds of true ice occur at irregular intervals. 
None of the ice bands are over 2 cm. thick ex- 
cept locally, where they were noted in rare in- 
stances to be as much as 4 cm. thick. The in- 
crease in density with depth was apparent during 
the excavation operations. The upper layers 
could be easily sawed and removed in blocks, 
while the névé below the 5-m. level was sawed 
with great difficulty and finally it was necessary 
to resort to blasting. 

The apparatus which we used to remove sam- 
ples (fig. 5) of a definite size for density de- 
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Fic. 4. The hand winch at the head of the shaft 


in the Ice Laboratory. 
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terminations was designed for us by the National 
Bureau of Standards. 

The snow sampler assembly consisted of a 
pair of telescoping steel tubes, two spacer rings 
of brass, one sample container of brass whose 
contained volume had been adjusted to 500 
cc. + 0.2 cc., one tempered steel cutting bit, 
and one brass pipe handle (fig. 6). 

Accessory equipment for each outfit included 
11 additional sample containers each adjusted 
as to volume, 24 brass caps to close the ends of the 
sample containers, 1 knife for trimming snow 
samples, 1 cutter bit wrench, 1 spare cutting 
bit, and 2 spare spacer rings. 

In operation the sampler was assembled as 
follows: 

The two telescoped tubes were slid within 
each other until the holes for the handle were in 
register. The handle was then placed through 
the holes, locking the tubes in position. A 
spacer was then placed within the outer tube, 
followed by a sample container and then a second 


Official photo United States Antarctic Service 


Fic. 5. Obtaining a 500-cc. sample of the firn for a 
density determination, using the ‘“‘snow sampler.” 


Official photo United States Antarctic Service 
Fic. 6. “The snow sampler.”” At the top are shown the 
two telescoping tubes; in the center the sample chamber, 
protecting rings, and cutting bit. The handle and caps 
for sample chamber are shown below. The wrench for 
tightening or loosening the bit is at the left, and the 
knife for shaving the ends of the sample at the right. 


spacer. The cutter bit was next screwed into 
the outer tube and tightened with the wrench, 
clamping the sample container and spacers in 
position. 

After a sample was in the tube, the device was 
removed from the hole and the cutter was un- 
screwed from the outer tube. The handle was 


then withdrawn and the outer tube was pulled 
back until the first spacer ring could be seen. 
The excess snow was broken or cut off and the 
outer tube was pulled back until the sample 


container and both spacers were clear. The 
snow was then broken or cut off below the second 
spacer. The spacers were split and would ex- 
pand to a point where they could easily be 
slipped off the snow core without materially 
disturbing the core. The snow core was then 
trimmed flush with the ends of the container by 
means of the knife provided. The sample 
container was capped at each end and was then 
ready for weighing. 

The weight in grams was engraved on each 
sample container and on each cap. Each con- 
tainer was marked with an identifying number 
to facilitate field recording of the location from 
which the sample was taken. Containers and 
caps were all interchangeable. 

This apparatus was used successfully in those 
zones in which the density of the firn was less 
than 0.5. Carefully measured blocks of volumes 
of either 500 cc. or 1000 cc. were cut from the 
denser layers and weighed. For the _ thin 
layers of ice or wind crust a third method was 
employed. Small pieces were weighed in air 
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Fic. 7, The balance table in the Ice 
500-cc. 
at the left. The density of small samples was de- 


termined on the two balances at the right. 


and again in alkazine, a liquid with a very low 
freezing point, and their densities were deter- 
mined by the standard method (fig. 7). 

The increase in density with depth is indicated 
in table 1 and figure 8. The increase is general 


TABLE 1 


THE DENSITIES OF THE UPPER LAYERS 
or N&év&é (MaArtnN Pit) 


Depth in Meters Density Depth in Meters Density 


0.325 
0.404 
0.379 


2.90 
3.05 
3.20 


0.20 0.360 
0.40 0.345 
0.55 0.390 
0.65 0.348 0.400 
0.90 0.364 0.422 
05 0.338 3.OC 0.431 
.20 0.4 3. 0.510 
35 0.37: : 0.511 
50 0.37: 4, 0.490 
.70 0.. aa 0.534 
.90 O.37: ia 0.527 
.00 0.335 4. 0.506 
25 0.4. > 0.569 
A5 44! a. 0.542 
.60 421 aH 0.500 
80 
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but not regular. Certain anomalies are ap- 

parent. Those strata in which there appears to 

be an anomalous decrease in density are com- 

posed of coarse-grained, loosely adherent crystals. 
It has been shown that 


the density of snow or firn may be changed in the 
following ways: 


Laboratory. The 
ice samples were weighed on the large balance 


) itsiots 


i 


_ OtNsiTY 
a 


! 


’ 


orm ™ METERS 
Fic. 8. Variations in density of the firn with depth. 
(1) By the arrival and subsequent freezing of 
water. 
(2) By the relative motion of crystal grains or 


aggregates into closer packing. This process is 
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Fic. 9. View of the north wall of the pit, showing the 


three compression meters in place. 





er in Meters 


Months 


July* 
Aug.f 
Sept. 
Oct. 
Nov. 
Dec. 
Jan.f 


Rate 
cm/cm/day 


2.86 X 104 


2.52 X 10~ 
1.42 10~* 
1.65 x 1074 
1.95 x 10-4 
3.41 10 
4.44 10 


TABLE 2 


AVERAGE DAILY RATE OF SETTLING 


2.5 
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| 


ROSS SHELF ICE 


IN THE FIRN 


3.0 


3.5 





Rate 
cm/cm/day 


T emp. 
Thee 


Rate 
cm/cm/day 





— 23.84 
— 25.38 
— 27.29 
— 27.00 
— 22.65 
— 19.67 
— 15.78 


2.65 X 10~* 
2.23 x 10-* 
1.38 X 10~ 
1.49 10~ 
1.52 10~¢ 
2.21 10~ 
2.25 10-4 





1.83 X 10-4 
1.2410 
1.38 10-4 
1.35 10~ 
1.66 X 10~¢ 
1.75X10- 


5 


| 
| 


* Meter ondeaiial at 1.5 in operation for 29 days i in Sake. 
Meter centered at 2.5 in operation for 5 days in July. 

+ Meter centered at 3.5 in operation for 20 days in August. 

t All meters in operation for eight days in January. 


assisted in the early stages of firnification by the 
removal of small crystal projections by sublimation 
and surface migration of water molecules. In 
glacier ice the process is assisted by the crystalliza- 
tion involved in flow by plastic deformation. 

(3) By wind packing on the surface.® 


rate of settling at a depth of 2 m. in the firn of 
a temperate glacier was 2.3 XK 10-* cm./cm./ 
day, a much more rapid rate than we found. 
Their experiments were conducted during the 
summer season in the névé of an Alpine glacier 
when the temperature was at or only a few 
degrees below the freezing-point. 
The fact that the rate of settling 


As the air temperature on the Ross Shelf Ice 
so rarely rises above freezing, melt-water is non- 
existant, and the third method is important 
only as a surface phenomenon. The density PS 

E : eth ; ; ; —— mnstryment centered at -/5 meters 
must, therefore, increase by the settling of snow : a ae 
— | hrn. ie h oe ——— average air asian” 

The densities of nine thin ice layers or bands —- average temperatures at -2.0 meters. 
were determined. They varied between 0.880 
and 0.913, with an average of 0.903. 

In order to determine the magnitude and rate 

of settling in the firn, three compression meters 
of the type designed and used by Moss® were 
installed in the north wall of the shaft (fig. 9). 
One measured the settling in a zone which ex- 
tended, when installed, from —0.5 to —2.5 
meters; the second, from —1.5 to —3.5 meters; 
and the third, from —2.5 to —4.5 meters. 

The uppermost meter was in operation for 
190 days, from July 2 until January 8; the 
middle one for 166 days, beginning July 26; and 
the lowermost for 150 days, beginning August 11. 

The rate of settling for each month for each 
meter is indicated in table 2 and figure 10. 

Hughes and Seligman’ have shown that the 

° Seligman, G. 
1936. 

® Moss, R. Geog. Jour. 92: 220, 1938. 

™ Hughes, T. P., and G. Seligman. The temperature, 
melt water movement and density increase in the névé of 


an Alpine glacier. Royal Astron. Soc. Monthly Notices, 
Geophys. Suppl., 615-647, December 1939. 


varies with 


Snow structure and ski fields. London, 


JULY AUGUST SEPT. 


Fic. 10. Rates of settling at three levels in the firn., 
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the temperature is noteworthy. It is quite 
probable that the settling rate is a function of 
the temperature, even when the temperature is 
continuously below the freezing-point, and 
better-controlled experiments should be con- 
ducted to prove or disprove this hypothesis. 


SIZE AND ORIENTATION OF THE ICE 
CRYSTALS AT VARIOUS DEPTHS 


Determinations of the variations in grain 
size with depth were carried on by Warner 
(fig. 11). As a part of this program, he also 
investigated the possibility of the development 
of a definite orientation of the ice crystals during 
the firnification process. The method used was 
one developed by us in the field, following the 
suggestions of Seligman and Perutz and the 
method developed by the Snow and 
Avalanche Commission. Unfortunately, this 
phase of our program suffered most with. the 
change in plans, and Warner’s investigations 
were confined to the uppermost 2 m. of the firn 


Swiss 
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Fic. 11. Warner examining a thin section of ice 
under the petrographic microscope. 


F. ALTON WADE 


and to thin ice bands down to a depth of 5 m. 
He concludes: ‘“There is a general trend towards 
increase in grain size with depth, but with notable 
exceptions, and it is safe to say that there is no 
definite orientation of the ice crystals, at least 
to the depth investigated.”” (For details of 
methods see appendix to this report by L. A. 
Warner.) 

This conclusion is contradictory to the findings 
of Perutz and Seligman,* who determined that a 
definite crystallographic orientation of the grains 
was developed at shallow depths in the firn 
of the Jungfraujoch Glacier. It is the opinion 
of the author that the presence of melt-water is 
necessary before a reorientation of the grains in 
the upper firn layers can be brought about. 
No melt-water is present in the firn of the Ross 
Shelf Ice during the entire year, and no orienta- 
tion was induced. 

The microscopic investigations also showed a 
diminution in the size of the intercommunicating 
channels with depth and an increase in the num- 
ber of fractures per grain. No border zones 
indicating crystal growth were noted. These 
observations all point toward mechanical settling 
and compaction as the primary factors respon- 
sible for the increase of density with depth. 

The section of the Ross Shelf Ice to which our 
investigations were confined is free-floating. It 
should, therefore, move forward as a unit with 
no differential horizontal movement in the vari- 
In order to determine whether or 
not this was so, vertical rows of closely spaced 
pins were inserted in the walls of the shaft to 
its full depth. The positions of these pins were 
checked against a plumb line at intervals over a 
period of three months and no differential move- 
ment was indicated. 


ous layers. 


BANDING IN THE NEVE 


Two distinct types of “ice bands’’ were com- 
mon in the shelf ice: (1) clear ice bands and (2) 
fine-grained, closely-packed bands. Examples 
of the first type in some cases were continuous 
over wide areas, following a fairly regular plane 
surface. Others were extremely irregular and 
extended for varying distances. In several in- 
stances single layers would divide and form a 
series of two or more closely spaced layers 
separated by thin bands of clear ice grains. 


8 Perutz, M. F., and G. Seligman. A crystallographic 
investigation of glacier structure and the mechanism of 


glacier flow. Proc. Roy. Soc. 172: 335-360, 1939. 
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Some were only 4 to 6 inches wide. The small 
lenses were often oriented at angles up to 45° 
from the horizontal. The clear ice layers and 
lenses varied in thickness from a fraction of a 
millimeter up to 3 cm. From the surface to a 
depth of 2 m. the clear ice layers were quite 
distinct and easily distinguishable from the 
overlying and underlying névé layers. In the 
denser zones at lower depths the ice bands lost 
their individuality, and although they could 
still be identified at a depth of 6 m., they were no 
longer separated from the dense firn by sharp 
stratification planes. Often the “blue-ice’’ char- 
acteristics were destroyed and a grainy texture 
was developed. 

The second type of band closely resembled the 
“wind crust’? as described and explained by 
Seligman.* These bands were generally con- 
tinuous over wide areas. They averaged in 
thickness between 1 and 3 mm. The formation 
of this type of band was often observed on the 
surface throughout the year. In some cases a 
fine laminated structure was developed. The 
‘“‘wind crust’”” bands were easily identifiable in 
the upper zones by this laminated structure. 
These bands also lost their individuality with 
increasing depth and appeared to be partially 
assimilated by the surrounding dense firn. 

At first it was thought that the clear ice bands 
were formed during the summer when the air 
temperature was near or even above the freezing- 
point and that the clear ice crust was then 
formed from melt-water. Crust formation under 
those conditions was not observed. Additional 
negative evidence came to light when clear ice 
bands were discovered in the layers which had 
been deposited during the dark, cold winter 
night. Dr. Siple and the author made many 
observations of recently formed ice crust from 
the air and on the surface. It is their opinion 
that they are formed when low clouds containing 
super-cooled moisture come in contact with the 
surface. 

A serious attempt was made to establish a 
seasonal differentiation between various strata 
and bands in the firn. Ahlmann!® was able to 
distinguish a boundary separating the accumula- 
tions of two years on Isachsen’s Plateau, Spits- 
bergen. This ice crust boundary was formed 


*Seligman, G. Snow structure and ski fields, 163-182. 
London, 1936. 


10 AhImann, H. W. 
Swedish Spitzbergen Expedition in 1934. 
17: 34-37, 1935. 


Scientific results of the Norwegian- 
Geog. Annaler 
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Fic. 12. Dr. Wade and Dr. Frazier reading the no. 1 
west snow gauge on one of their daily rounds during the 
winter night. 


after the summer ablation period. He believes 
this characteristic crust to have been formed 
largely through melting which was aided by the 
presence of fine dust particles. No such layers 
were noted in the Ross Shelf Ice even after the 
amount of annual accumulation was known and 
the positions of such layers could be estimated. 
The absence of these layers is probably due to 
the lack of melting during the summer months 
and the absence of dust particles. 


CHANGES IN THE SNOW SURFACE LEVEL 


In order to determine accurately the changes 
in the snow surface level throughout the year, 
eight gauges were installed in the vicinity of 
West Base (fig. 12). The gauges were similar 
to those described and used by Moss in North 
East Land. They consisted of hickory sticks 
1 by 3 inch by 8 feet, mounted by means of 
angle irons on bases consisting of two crossed 
boards, each 4 by 1 inches by 2.5 feet. In 
order to eliminate any settling of the gauges in 
the unconsolidated upper firn, holes were exca- 
vated down to a hard ice layer and the gauges 
were then placed on that layer. The holes were 
then filled in urtil the surface near the gauge 
was level once more. 

The gauges were all installed at sufficient 
distances from the buildings, caches, etc., to 
insure their being out of the drift zones resulting 
from these obstructions on the surface (fig. 13). 
Two gauges were placed 15 to 20 feet apart at 
each of four stations, located to the north, 
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Fic. 13. Drift accumulates in the lee of all objects. 
Here, largely because of accumulated drift, the surface 
has risen to a level even with the eaves of the buildings. 
Snow has also collected on the roofs in the lee of the 
ventilators. 


east, south, and west of the base. The trip 
from the camp to all eight gauges and return was 
a distance of about 1 mile. The route was well 
marked with trail flags spaced 20 feet apart so 
that observers could safely make the trip even 
during strong blizzards when visibility was very 
low. 

The first readings were taken on February 18, 
1940, and the last on January 31, 1941. This 
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gave us a record over a period of 348 days. The 
record is shown graphically in figure 14. The 
average rise of the surface level over that period 
of time was approximately 84 cm. 

The only other accurate measurements of the 
absolute magnitude of the annual accumulation 
on the Barrier surface are those made by Mackin- 
tosh, when the party, under the leadership of 
Ernest Joyce, discovered Captain Scott’s Depot 
“A,” six and a half years after it was laid, and 
measured the depth to the old surface. From 
this figure he was able to calculate an annual 
increment of 38 cm." This is less than half 
the value obtained at West Base. It is probable 
that more snow is lost through drifting in that 
area, which is quite near the mountains, than in 
the Bay of Whales area. 

The increases in elevation were due either to 
the accumulation of new snow and hoar frost or 
to drift snow. The decreases were due to abla- 
tion, deflation, or settling. 

It is very difficult to distinguish between snow 
fall and drift at times, and no attempt was made 
on this expedition to get differential measure- 
ments of the two. However, it is the consensus 
of opinion that the greater part of the annual 
accretion is drift snow. 


1 Wright, C. S., and R. E. Priestley. British (Terra 
Nova) Antarctic Expedition 1910-1913, Glaciology: 162. 
London, 1922. 


HEIGHT OF SNOW SURFACE ABOVE FIDUCIARY LEVEL 
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Height of snow surface above fiduciary level, 1940-1941. 
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Fic. 15. Footprint sastrugi. Loose snow around the 
packed footprints has been removed by wind erosion. 


Ablation plays a very minor role in lowering 
the snow surface level. It may have been 
responsible for the loss of a layer 2 cm. thick 
throughout the year, but no more. There was 
undoubtedly a small amount of settling in the 
layers above the gauge bases, since surface layers 
often have densities as low as 0.1 when deposited, 
but these soon become more dense in a few days 
through settling. The deflation process is by 
far the most important. The surface rises and 
falls at the will of the wind. Much snow is 
transported in and much is removed. Often 
during the first part of a blizzard much drift 
would be deposited, and during the latter part 
of the same storm a good portion of the new 
drift would be removed. Some winds were 
depositional, others purely erosional. However, 
preliminary studies of wind directions and veloci- 
ties versus surface changes have yielded no 
correlative evidence. The character of the sur- 
face must also be considered. If it is composed 
of loose, unconsolidated grains, comparatively 
light winds may remove much of it, whereas, if 
it is tightly packed or crusty in character, the 
same winds would have little effect on it (fig. 15). 

Two blocks, one of which represented the 
increment added to the surface in the vicinity 
of the south gauges, and the other the increment 
added near the east gauges, were removed, and 
the profiles were studied. Except in the cases 
of the uppermost two layers, little similarity 
in the positions and thicknesses of the various 
strata could be noted. .This is to be expected, 
since the daily records of the surface variations 
indicate that there was considerable irregularity 
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in the daily surface changes at the four localities, 
and, on rare occasions, the differences in change 
on two gauges at one station have been known to 
amount to more than 30cm. The ice bands are 
of little use for correlative purposes, since their 
lateral extent is often quite limited. It is the 
author’s opinion, however, that wind crusts can 
be used as reference levels, since their areal ex- 
tent is usually quite great. 

Summations of the positive and negative 
increments throughout the year bring to light 
an interesting fact. There was an approximate 
total increase of 170 cm. in elevation and a 
decrease of 85 cm. In other words, for each 2 
cm. of snow added by deposition during a year, 
1 cm. was lost through erosional processes. 


THE TEMPERATURES AT VARIOUS 
DEPTHS IN THE FIRN 

No systematic measurements of the subsurface 
temperatures had ever been made previously in 
shelf ice. In order to carry on this work, the 
National Bureau of Standards designed and 
provided the necessary equipment. In brief, 
it consisted of a series of resistance bulb ther- 
mometers, or thermohms, which were connected 
to a multiple switch (fig. 16) and-thence to a 
modified Wheatstone bridge (fig. 17) so cali- 
brated that temperatures could be read directly. 

Drilling apparatus was provided (fig. 18), and 
a hole was drilled for each thermohm and sub- 
sequently filled in after the thermohm was in 
place. Thermohms were installed at the follow- 
ing depths in meters: 0.25, 0.50, 1, 2, 3, 4, 5, 10, 
15, 20, 25, 30, 36, and 41. An additional therm- 
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Dr. Frazier at the thermohm switchboard in the 
after compartment of the Snow Cruiser. 


Fic, 16. 
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Fic. 17. Dr. Wade reading the subsurface temperatures 
as indicated on the modified Wheatstone bridge located 
in the living quarters of the Snow Cruiser. 


ohm was installed at an elevation of approxi- 
mately 10 cm. above the surface. 

Observations were begun on March 18, with 
five thermohms in place as follows: surface, and 
at depths of 1, 2, 3, and 5m. The others were 
installed as rapidly as possible, and by April 18 
all 15 were in operation. The observations were 
continued until January 20, 1941, thus giving us 
data for a period of 10 months at some levels 
and for 9 months or more at the other levels. 

The results are expressed graphically in 
figure 19. 

The winter cold wave penetrates to a depth of 
at least 5 m. and possibly several meters farther. 
There is a definite decrease in the penetration 
rate with depth, and the temperature continues 
to drop in the lower zones for some time after 
the summer warm wave has affected the more 
shallow levels. 

There are no significant changes in the tem- 
peratures of the firn at depths of 15 m. and more. 
The temperatures of these lower zones remain 
constant at approximately the same temperature 
as the average annual temperature of the air. 
For the interval of our stay at West Base this 
value was —23.7°C. This substantiates the 
ideas regarding glacier temperatures advanced 
by Chamberlain.” 

The thermohms at depths of 36 and 41 m. were 
below sea-level. There is a slight rise in temper- 
ature with depth below 15 m., and it is probable 


% Chamberlain, T. C. 
glacier motion. 


196-200, 1904. 


A contribution to the theory of 
Univ. Chicago Decennial Publ., ser. 1, 9: 


that this is due to the effect of the warmer sea 
water below the shelf ice. 

The task of interpreting the subsurface tem- 
peratures and their variations has only begun. 
It is hoped that further study will bring to light 
more interesting facts relative to the mechanics 
of shelf ice. 


THE STRUCTURE AND MECHANICS OF 
SHELF ICE 

Where shelf ice is free-floating, it is composed 
of a series of layers of firn which vary in thick- 
ness and which are separated by thin layers of 
ice or ‘“‘wind crust,’ or merely by stratification 
planes. The Ross Shelf Ice was probably first 
formed through the confluence of piedmont 
glaciers, extended island caps, and sea ice. To- 
day it is kept in existence largely through the 
annual accretion on the surface. Near its 
landward and island borders the lower zones are 
probably in part composed of hard glacier ice, 
but where the shelf is floating, there is a constant 
loss in the lower layers through melting and the 
composition of the shelf gradually changes until 
it becomes composed only of depositional strata. 
The yearly increment added on the upper sur- 
face must approximately equal the loss through 


melting in the lower layers, since no pronounced 
variations in elevation of the Ross Shelf Ice, 
over a period of years, have been reported by 


any observers. However, no accurate measure- 
ments have been made as yet. 

There is a general, but very irregular, increase 
in density with depth. New surface layers may 
have a density as low as 0.1. This will increase 
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Fic. 18. The makeshift drill tower was erected near the 


rear of the Snow Cruiser. 
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to 0.3 in a few days’ time, if undisturbed. Ata 
depth of 6 m. the average density is about 0.5. 

There is a tendency towards an increase in 
grain size with depth, at least down to the 2-m. 
level. There is no noticeable orientation of the 
crystal grains in the first 2 m. of the firn, nor in 
the thin ice bands down to a depth of 6 m. 

There are no differential horizontal movements 
in the firn. The vertical movements are due to 
settling. The rate of settling decreases with 
depth and increasing density and varies directly 
as the temperature. 

Clear ice bands from a fraction of a millimeter 
to 4 cm. in thickness are thought to be formed 
as clear ice crusts on the surface when clouds or 
fog bearing super-cooled water contact the snow 
surface. Thin, grainy, translucent bands are 
formed as ‘‘wind crusts.”” Both types lose their 
distinctive characteristics with depth and appear 
to be assimilated by the surrounding firn. 

The temperature decreases to a depth of 5 or 
more meters in the firn. Below that the tem- 
perature remains fairly constant at a value close 
to the average annual air temperature. There is 
a slight rise in temperature below the 15-m. 
level with increasing depth; this may be due to 
the influence of the warmer water below. At 


no time throughout the 10-months period of 
observation were the subsurface temperatures 


very near the freezing-point. No melt-water 
existed in the firn. The cold winter wave and 
the warm summer wave penetrated to a depth of 
at least 5 m. 

The firnification process in the Ross Shelf Ice 
is brought about by rapid settling in the near- 
surface zones and by continued settling at a 
steadily decreasing rate with depth. As the rate 
of settling varies directly with the temperature, 
it is thought that, in the upper zones where the 
intercommunicating channels are present, the 
sharp edges and corners of the grains are removed 
by direct evaporation and greater settling is 
thus made possible. No orientation of the 
grains would result. It is the author’s belief 
that melt-water and recrystallization are neces- 
sary for crystal orientation to develop. The in- 
creasing weight with depth of the superincum- 
bent layers is responsible for the continued 
compaction. 

Before the process of firnification in shelf ice 
at subfreezing temperatures can be fully under- 
stood, much additional microscopic work will 
have to be done and many observations will have 
to be made at greater depths. 


F, ALTON WADE 
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APPENDIX 


SUMMARY OF CRYSTALLOGRAPHIC INVESTI- 
GATIONS OF THE ROSS SHELF ICE 


LAWRENCE A. WARNER 
PROCEDURE 


Experiments with isobutyl methacrylate solu- 
tion in chloroform as a means of indurating the 
porous ice proved unsuccessful. The most satis- 
factory method discovered was to immerse the 
small ice sample, to be sectioned, in a beaker of 
water cooled to the freezing-point. If the sample 
is immediately taken out of the water and ex- 
posed to a temperature of —20°F., or even 
lower temperatures, freezing is so rapid that the 
water appears to have little corrosive effect on 
the ice grains. Methylene blue dye was intro- 
duced into the water in hopes that it would stain 
the new ice that would form in the interstitial 
spaces, and thus serve to distinguish it from the 
original grains in the ice sample. Actually, 
however, the dye crystallized out in patches, 
leaving much of the new ice clear. But in most 
cases it was possible to distinguish the interstitial 
ice on the basis of its crystal form, or from the 
fact that it showed anhedral boundaries to the 
ice grains. There is some evidence to indicate 
that ice which forms very rapidly under condi- 
tions of high temperature potential crystallizes 
in the rhombohedral class and exhibits rhombic 
rather than hexagonal form. No rhombic forms 
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were found except in what could be clearly 
identified as interstitial ice. 

After indurating, the sample was put in a 
vice and cut with a jeweler’s hack saw to obtain 
a nearly flat surface. This surface was then 
ground and polished, with emery paper mounted 
on wooden blocks, to give a good surface. 
First, a coarse paper was used, then medium, 
then fine. The sample was then mounted on a 
glass slide with isobutyl methacrylate (a nearly 
saturated solution is best) cement and allowed 
to dry for 24 to 36 hours. 

After preliminary grinding to thickness of 1 
mm. on coarse emery paper, the slide was 
mounted and carefully leveled in a microtome 
stage, and further grinding to 0.5 mm. was ac- 
complished with fine emery paper mounted on a 
small wooden block. Cutting to much less 
than 0.5 mm. results in rapid evaporation. 
Slides of about 0.2 to 0.3 mm. thickness will give 
maximum birefringence in second order. Pro- 
vided the slides are examined immediately, no 
protective coating is necessary, since evapora- 
tion takes place regardless of whether or not a 
covering is used. 
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In examining the slides under the petrographic 
microscope, statistical methods were used. The 
maximum and minimum diameters of a number 
of grains were measured with a micrometer 
ocular. The average of these diameters was 
taken as the average size. The birefringence of 
these same grains was noted and classified as low, 
medium, or high. This was done to detect any 
orientation of the grains in a particular di- 
rection. The equipment included a Fedoroff Uni- 
versal Stage for exact orientation measurements. 
Where both the horizontal and vertical slides 
(H and Z) were obtained from the same layer, 
the average grain size for the layer was taken 
as an average of the two slides. The structure 


and fabric of the grains were noted. 


CONCLUSIONS 


There is a general trend toward increase in 
grain size with depth but with notable exceptions. 

It is safe to say that there is no definite orien- 
tation of ice crystals, at least to the depth in- 
vestigated. 





GLACIOLOGY OF SOUTHERN PALMER PENINSULA, ANTARCTICA 
PAUL H. KNOWLES 


Geologist, East Base, 


PALMER PENINSULA and vicinity furnish an ex- 
cellent representation of the many and varied 
forms in which ice occurs in the Antarctic. Con- 
tinental glaciers, mountain glaciers, piedmont 
ice, shelf ice, and bay ice are all found here. 

The large icefield to the south of Alexander 
Island is definitely a continental glacier. At 
the north this ice mass terminates along King 
George VI Sound in 100- and 150-foot cliffs; 
toward the south it slopes gently upward to a 
higher elevation with occasional irregularities 
and nunataks. Palmer Peninsula itself is cov- 
ered by an 80- to 100-foot undulating ice cap, 
through which protrude a considerable number 
of nunataks and high ice-covered mountains. 

Mountain glaciers and related valley glaciers 
are truly well represented in the Palmer Penin- 
sula area. Broad active glaciers, originating 
on the central plateau of the peninsula (fig. 1) 


Photo by the author 


Fic. 1. Glacier flowing seaward from central Palmer 
Peninsula Plateau. South Polar Skuas in foreground. 


or from mountain cirques, flow seaward and are 
joined by smaller tributary glaciers from adjacent 
valleys. These valley glaciers frequently coa- 
lesce, forming the large piedmont glaciers com- 
monly found along the western coast. The 
snout or terminus of the land ice masses shows 
well-developed stratification, which often in- 
cludes small rock particles and rock flour. 
Radiation gullies are common, especially along 
western exposures adjacent to rock outcrops. 
Moraines are not prominent. 


PROCEEDINGS OF THE AMERICAN PHILOSOPHICAL SOCIETY, VOL. 


', S. Antarctic Service 


Shelf ice is well developed along the Weddell 
Coast of Palmer Peninsula at least between 
latitudes 68° and 71°S., with possible further 
extensions of shelf ice conditions northward. 
This shelf was traversed by the Weddell Coast 
Sledge Party, and the ice is probably contiguous 
with the ice terrace as described by Norden- 
skjéld.!. Shelf ice occurs also along the northern 
and southern margins of the westward extension 
of King George VI Sound. ; 

Bay ice in the Palmer Peninsula area usually 
undergoes a seasonal change, although in some 
of the more land-locked indentations the ice 
may remain from one year until the next or even 
longer. Available data indicate that bay ice in 
the vicinity of Marguerite Bay varies approxi- 
mately as follows: open water March 10 to 
May 17, and closed pack from June 1 until March 
1, with gradational periods intervening. Half- 
way between East Base and Neny Island, on 
August 19, 1939, the thickest bay ice recorded 
was 40 inches. Considerable ice on the eastern 
side of Palmer Peninsula is probably semiperma- 
nent or “‘cyclic’”’ ice; that is, ice which continues 
through a number of seasons. 

Raised moraines, benched terraces, and ele- 
vated “chatter marks” on cliffs prove that the 
glaciers are definitely receding and diminishing 
in size. The glaciers are still moving forward, 
yet wearing down faster than their forward 
movement. From accurate transit observations 
taken on the glacier throughout the year im- 
mediately north of East Base, it was found to be 
moving seaward at an average rate of 0.25 foot 
per day. Antarctic glaciers in this section are 
definitely not quiescent; they are ever working 
towards the sea and producing the many forms 
of bergs common to the south polar waters. It 
appears that the glaciers formerly extended 
farther seaward and that they have recently 
broken off to near their present fronts. 

The ice mass fronting the eastern coast of 
southern Palmer Peninsula is worthy of a brief 
discussion of its occurrence and _ significance. 
Nordenskjéld has designated the ice mass along 


! Nordenskjéld, Otto. Stock- 


holm, 1905. 
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Fic. 2. Lenticular holes 
the Weddell Coast north of latitude 69°30’ S. as 
an ice terrace. From his descriptions, that ice 
appears to be closely related, if not contiguous, 
to the ice mass traversed by the Weddell Coast 
Sledge Party (U.S. A. S.). From field observa- 
tions it is definitely proved that the ice along the 
Weddell Coast from latitude 68°10’ S. to latitude 
69°40’ S. is shelf ice. 

The shelf ice of the Weddell Coast has a 
general elevation of 200 feet. The surface has 
minor undulating waves in many places. It is 
marked by many small crevasses, and in certain 
localities by large crevasses over 50 feet wide. 
Broad open rifts, extending seaward at right 
angles to the coastline, constitute a major feature 
of the shelf ice. 

The proof of the shelf nature of the ice was 
established at three localities. The first and 
most concrete evidence was noted at latitude 
68°55’ S. and longitude 63°18’ W. in the bottom 
of a major rift in the ice. The rift had an east- 
west trend and sheer walls that broke off sharply 
from the main level of the ice. The author 
descended to the bottom of this rift and found 
small upturned pressure ridges with a dark 
exotic coloring embedded within the ice. A 
sample of this ice was taken in a sterile bottle, 
and subsequent laboratory analysis showed a 
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Photo by the author 


in shelf ice of Weddell Sea. 


high percentage of sodium chloride and some 
iodine. The elevation of the bottom of the rift 
was 55 feet. The second point of evidence of 
the shelf ice was observed in a broad area the 
center of which was at latitude 68°15’ S. and 
longitude 64°19’ W. Here were a series of deep 
open lenticular holes (fig. 2) in the ice, which 
corresponded exactly with similar holes observed 
by the Southwestern Survey Party (U.S. A. S.) 
in King George VI Sound within a short distance 
of open water (note comparison of photos in 


Photo by Ronne 


Fic. 3. Lenticular hole in shelf ice of King George VI 
Sound a few miles from its western opening to the sea. 
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figures 2 and 3). The third piece of field evidence 
was the actual finding of sea water in small leads 
north of Cape Ejielson. A Weddell Seal was 
found and killed in one of these leads. The ice 


to the south appeared to be of a semipermanent 
nature and could be termed “‘cyclic ice’’; that is, 
it might break up and clear only once every 


KNOWLES 


few years, and during the unfavorable years it 
would continue to build up and tend to ap- 
proach the characteristics of shelf ice. To 
the north of Fleming Glacier there was ob- 
served, but not actually visited, exotic colored 
ice in upturned pressure ridges at an elevation 
of 150 feet. 
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INTRODUCTION 


Tus report deals with a series of atmospheric 
cooling measurements made at Little America, 
Antarctica, by members of the United States 
Antarctic Service in 1941. With the exception 
of still-air experiments, all measurements were 
made in actual unconfined atmosphere under con- 
ditions of freezing temperatures and darkness. 
The cooling rate was determined by the length of 
time required for a measured quantity of water to 
freeze and give off its latent heat of fusion. Cor- 
relations were made between atmospheric cooling 
rates and states of human comfort, and lower 
limits of physical endurance were established for 
exposed portions of the body in variable wind 
velocities in subfreezing temperatures. 

Perhaps there is no place on earth where one is 
so acutely aware of need for a suitable scale to 
express sensible temperatures as the polar re- 
gions. Here there is striking contrast between 
relatively tolerable days of calm, subzero weather, 
and windy days that are warmer although 
sensibly much more unpleasant. Suitable an- 
swers to the question of relative comfort have 
been sought by climatologists, meteorologists, 

* This report was prepared in 1941. Additional research 
has been done on this subject since that time. 


and physiologists. Some degree of success has 
been attained. There are, however, many com- 
plications which prevent the establishing of an 
easily comprehensible scale for use by the average 
layman. So many variables are involved that it 
is unlikely any scale can ever be employed which 
will satisfy all conditions without first limiting 
some of the factors. 

Outstanding variable factors influencing the 
measurement of relative comfort sensation in- 
clude: temperature, outgoing and incoming radi- 
ation, convection and wind velocity, conduction, 
humidity, and the innumerable variables in the 
human body which act to alter the basic condi- 
tions for comfort sensations. The principal 
factors which make the human body the most 
perplexing of the variables are: the increase in 
metabolism or heat output of the body with 
activity, the amount of blood circulating in the 
skin affecting conduction and radiation of heat 
from it, perspiration controlling rate of evapora- 
tion, storage of heat in the tissues, emotion, 
fatigue, clothing, and numerous minor factors 
concerning states of health, food, and fluid intake, 
Gte. 


HISTORICAL DEVELOPMENT 


Pioneer work to correlate atmospheric cooling 
power with sensation was carried on by Sir 
Leonard Hill and his associates about 1919, when 
he established the kata thermometer for meas- 


uring the cooling rate of the atmosphere. His 
dry kata was similar to an ordinary thermometer 
heated to a temperature above that of normal 
human blood (98.4° F.).. With the thermometer 
exposed in the path of wind, but shaded from the 
direct rays of the sun, the time required for the 
alcohol or mercury in the bulb to cool from a 
degree above to a degree below blood tempera- 
ture was recorded and averaged for one degree. 
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The following formula was adopted to express 
the cooling rates observed: 


H = (0.15 + 0.182 vv)(98° — T) 

H = dry cooling power of the atmosphere in 
millicalories per square centimeter per 
second. 

v = wind velocity in miles per hour. 

7 =dry-bulb air temperature in 
Fahrenheit. 


degrees 


Che wet cooling power had to be measured by a 
special wet kata thermometer resembling a 
psychrometer with a “‘wet sock”’ stretched over 
the bulb. The added rate of cooling by evapora- 
tion was recorded by reading the thermometer in 
the same manner as the dry kata. The. wet 
cooling rate was then expressed by the following 
formula: 


HI’ = (0.06 + 0.47 Wv)(98° — 7”) 

HI’ = wet cooling power of the atmosphere in 
millicalories per square centimeter per 
second. 

‘ = wet-bulb temperature in degrees Fah- 
renheit. 


Numerous students and investigators of the 
subject, including Hill, Angus, Newbold, Vernon, 
Bedford, Warner, McConnell, Yaglou, Dokoff, 
Griffith, Flack, Soper, Gold, Hargood, Ash, and 
others, perfected or used the kata thermometer 
and led to its general, although limited, accept- 
ance. For the sake of greater convenience, 
nomograms and tables have generally replaced 
the kata thermometer direct determinations. 

In the United States Hill’s determinations 
have been used with outstanding success by 
Mary A. Eaton (1940) in her careful study of 
climatic conditions in the Southeastern United 
States. She has applied Hill’s formulae to the 
climatic factors for a large number of repre- 
sentative stations, showing thereby the climatic 
strain exerted by the atmosphere on the inhabit- 
ants of this region. 

Criticism of Hill’s dry kata formula will appear 
later in this paper. At that time we shall de- 
scribe the results of a series of experiments in 
which water was used in place of mercury or 
alcohol as the cooling body—a method which we 
believe produces a more suitable sensible temper- 
ature scale. 

As pointed out by R. G. Stone (1939) and 
others, the cooling rate of the atmosphere as 
determined by kata thermometers is estimated to 
be as much as one-third to 10 times greater than 
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the rate for the human body. No doubt it is 
impossible to make a suitable instrument that 
will measure exact human sensible temperatures 
because of the difference in content, shape, and 
size of the human body. However, numerous 
instruments have been constructed in addition to 
the Hill katas, such as: the recording Eupatha- 
scope, the Davos frigorimeter, the Pfleiderer- 
Buttner frigorigraph, heated copper globe, etc. 

Perhaps the basic approach to the problem of 
sensible temperature has been carried on by the 
John B. Pierce Hygiene Laboratories in New 
Haven, Connecticut, where Winslow, Herrington, 
and Gagge (1936-1940) used the human body as 
the subject for measurement in their partitional 
calorimeter. By means of careful determina- 
tions of rectal and skin temperature, radiation 
and evaporation losses, they have been able to 
follow quite closely the cooling rate of the human 
body when subjected to varying atmospheric 
conditions. As a result of their studies, they 
now present a series of formulae which make it 
possible to calculate the probable heat loss of the 
body from a standard operative condition: 


Ko - 1.0 vv + Ee. 

Ko = total conductivity of the air in kilogram 
calories per square meter per hour per 
degree centigrade. 
wind velocity in centimeters per second. 

K, = the heat loss due to radiation in kilogram 
calories per square meter per hour. 

K, is determined independently by the follow- 

ing formula: 


- ii T,* + ke 
K, = 0.75 XK (4X4.92 & 10-8) K | — een 


7 = the temperature of the walls of a room 
or the outside atmosphere in degrees of 
absolute temperature. 

T, = the temperature of the skin in degrees of 
absolute temperature. 


The experiments were carried on by the Pierce 
Laboratories in an atmospherically controlled 
chamber which could approximate almost any 
given condition, whereas Hill predicates his work 
on actual outdoor shade conditions. It is not 
surprising that with such totally different ap- 
proaches to the problem of atmospheric cooling, 
the results would differ considerably. In a com- 
parison of methods, the results to be reported in 
this paper were found to approximate the figures 
of the Pierce Laboratories more closely than those 


of Hill. 
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Formulae for the expressing of Relative Com- 
fort scales are somewhat complicated, and many 
attempts toward simplification have been made. 
With this idea of simplification in mind, Siple 
(1939) produced a scale specifically designed for 
Antarctic comparisons. The scale was called a 
Wind-Chill Index and employed a method of 
computation in which subfreezing temperatures 
in minus-degrees centigrade were multiplied by 
the wind velocity in meters per second. This 
system had the obvious disadvantage of losing 
expression when temperatures rose above freezing, 
and it was further noted that high wind velocities 
exaggerated the scale; that is, equal products did 
not follow relative comfort from high tempera- 
tures and high wind velocity to low temperatures 
and low wind velocity—the latter being much 
more disagreeable than the former. In spite of 
its obvious faults, this scale was, because of its 
simplicity, popular among members of the 
United States Antarctic Service. 


CONSTRUCTION OF THE RELATIVE 
COMFORT THERMOMETER 
Lacking adequate library facilities during the 
years 1939-41 at Little America III, Antarctica, 
it was impossible for us to acquaint ourselves 
with past experimentation in the measurement of 


the cooling power of the atmosphere at the 
beginning of our research. Consequently, the 
selection of a new and different means of measure- 
ment of cooling power, unbiased by historical 
developments herein described, was to be ex- 


pected. Although we were not fully aware of the 
scope or complications of the problem, we recog- 
nized that all of the factors involved in cooling a 
body could be studied against the same common 
denominator—time. 

Two factors, evaporation and insolation, which 
influence cooling and heating in normal, temper- 
ate, or tropical conditions, were almost entirely 
missing in the Antarctic winter when the experi- 
ments were carried on. Low subfreezing tem- 
peratures lower the amount of humidity in the 
air to a condition of arid dryness, and, as the sun 
remains below the horizon for four months, an 
almost constant condition of outgoing radiation 
is created. 

We were fortunate to have at our disposal 
several Leeds and Northrup thermohms and a 
Wheatstone Bridge galvanometer, all supplied by 
the United States Bureau of Standards. 

Siple constructed a cylinder of } inch pyrolin 
(a celulose acetate product). The cylinder had 
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the following average dimensions: length, 5.875 
in.; diameter, 2.259 in. 

The cylinder was about three-fourths filled 
with 250 gm. of fresh melted snow water and 
completely sealed after a thermohm, approxi- 
mately 10 cm. long and 1 cm. in diameter; had 
been suspended in the center of the cylinder and 
almost completely immersed in the water. In 
order to keep the thermohm from straying too 
close to one wall of the cylinder, and, further, to 
prevent the expanding action of freezing water 
from bursting the walls of the cylinder, a large 
spherical piece of cork was pierced by the brass 
shell of the thermohm conspicuously occupying 
the central area of the cylinder. 

This so-called relative comfort thermometer 
was loosely suspended on a wooden cross-arm 
attached to and above the level of the roof of the 
Science Building. A second naked thermohm 
was hung about 2 feet away (up wind) from the 
relative comfort thermometer, and close by, at 
almost the same level as the thermohms, a small 
electric-contact Robinson. cup anemometer was 
installed. 

Long wire leads from all three instruments led 
into the Science Building, where the recorders 
(usually Charles Passel, assisted by Malcolm 
Douglass) could conveniently read each instru- 
ment. The temperature of the air was recorded 
every 5 minutes to the second decimal point in 


Photograph by Charles Shirley, U. S. N. 


Fic. 1. Relative comfort thermometer suspended in the 
open atmosphere above the Science Building at Little 
America III. The pyrolin cylinder, left, contains 250 
grams of water. The temperature change is recorded 
by means of a thermohm suspended in the water. Air 
temperature thermohm is suspended on the right. 
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Fic. 2. 
and temperature changes in the air. 


Photograph by Charles Shirley, U. S. N. 


Charles Passel, to the right, observing atmospheric cooling, wind velocity, 


Malcolm Douglass, to the left, recording 


in the Science Building, Little America III, 1940. 


centigrade degrees. The time at which the 
cylinder reached each given degree (or one-tenth 
degree at certain critical points on the scale) was 
recorded on a stopwatch to the nearest half- 
second. Wind velocity during each 5-minute 
period was measured by the number of light 
flashes recorded on the 1/60-mile electric contacts. 
INTERPRETATION OF DATA 

More than 80 experiments were carried on at 
various temperatures and wind velocities, in- 
cluding still air—a condition produced by placing 
the relative comfort cylinder and thermohm in an 
enclosed pit. Readings began with the upper 
limit of the galvanometer at 10° C. and continued 
usually until the temperature of the relative 
comfort thermometer descended to within 1° C. 
of the current air temperature. The duration of 
experiments ranged from 14 to 24 hours in length. 

In order to determine the exact moment at 
which freezing began and ended, each experiment 
was plotted on graph paper; a straight line was 
then drawn through the greatest possible number 
of points between 4° C. (after all the water had 
reached maximum density) and about 1° C., be- 
low which premature freezing began to release 
heat of fusion into the water. The time of inter- 


section of the straight line with the freezing or 
0° C. line was taken as the exact start of freezing. 
In similar fashion a straight line was projected 
from the plotted post-freezing rate after it 
reached a uniform slope and all of the water was 
crystallized ice. The point at which this latter 
straight line intersected the freezing line was 
taken as the exact moment when all of the water 
was completely frozen. 

Total freezing time was determined by differ- 
ence, and Ko (total cooling) was established in 
terms of kilogram calories per square meter per 
hour by the following calculations. It was as- 
sumed from the size and shape of the cylinder and 
the space centrally occupied by the thermohm 
and cork that the surface area exposed in square 
centimeters was equal approximately to content 
of the water in cubic centimeters. Therefore, 
during the period of heat loss each cubic centi- 
meter would lose 79.71 gram calories of heat of 
fusion. A square meter of freezing water 1 
centimeter thick would therefore liberate 797,100 
gram calories per square meter. 


797,100 


: a | Z iloger: “7 ies > 
1,000 797.1 total kilogram calories per 


square meter in » time. 
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The varying times (¢) for each experiment were 
reduced to hours and fractions of hours and then 
divided into the total calories. 


797.1 Z ‘ sm ee 
a Ko, the total cooling rate in kilogram 


calories, per square meter, per hour. 


COMPONENTS OF COOLING 


The current air temperatures recorded every 5 
minutes during the freezing period were averaged, 
and experiments involving unusual changes in 
temperature or wind were eliminated in order 
that interpretation might be facilitated. In 
order to separate convection losses from the 
effects of cooling due to radiation and tempera- 
ture gradient, the average air temperature was 
divided into the Ky value to give the wind-chill 
factor (W-C) or the rate of cooling per 1° C. 
This step was based upon the generally accepted 
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assumption that the cooling due to temperature 
gradient is a linear function. The resultant 
W-C contained three avenues of heat loss: 

1. Radiation.—Heat loss by radiation is a 
variable depending upon the temperature of the 
body and the current air temperature. By using 
the Winslow, Herrington, and Gagge formula, 
the average value without movement of air 
should have equaled a heat loss of from 3 to 4 
kilogram calories per hour per square meter per 
degree centigrade; however, under conditions of 
relatively still air this figure, as measured, rose to 
a loss of from 7.8 to 10.2 in temperatures ranging 
from —14° C. to —55° C. It is not unlikely 
that discrepancy was due to convection and 
slight air movement which could not be controlled. 

2. Convection.—As the difference in tempera- 
ture gradient increases between a body and its 
environment, its rate of convection heat losses 
also increases. Small vertical movements of 


TABLE 1 
ATMOSPHERIC COOLING OF 250 GRAMS OF WATER DURING FREEZING PERIOD AS MEASURED AT LITTLE AMERICA III 


STILL AIR 


i 5 te 
} | 
otal Ta | 
Exper. Date freezing | Average ied 
No. | time, air ualecity 
hr.:mi.:sec./temp. °C. - 
| m.p.s. 


| | 
|— 14.31 | Still Air| 


Measured 
rate of 
total cooling, 


v | 
Average 


2 |4/6/40 


| kg. cal./m?*./hr. |" . 


Percentage of 
difference 
between 


Total rate of 
cooling of water 
calculated by formula 


( Vv X100 +10.45 —») 


W-C factor 
calculated formula 
— -—— measured and 
Vv X100 +10.45 —v calculated rate 


of cooling 


149.5 25.1 


86 {9/11/40 | 2:1 7m“ “| 
79 |8/27/40 | 2:18:48 |-38.48| “ “ 
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— 


390.4 6.3 
402.0 13.9 
564.7 11.3 
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Licut BREEZE: WIND VELOocITY 0 To 3 METERS PER SECOND (0 TO 7 MILES PER Hour) 
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| 1:29:20 
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|—23.21| 2.72 
1:05:15 |—28.56| 2.79 733.0 | 25.66 24.36 695.7 

5/21/40 | 1:04:49 |—28.93| 2.95 737.9 | 25.50 24.68 716.0 
7/6/40 | 1:28:46 |—30.51| 1.10 | 538.8 | 17.64 19.84 605.3 
17/22/40 | 58:49 |—33.06 54 | 813.1 | 24.60 23.85 788.5 
16/30/40 | 1:03:30 |—34.88| 2.18 | 753.1 21.59 | 23.13 803.3 
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28 |5/22/40 | 1:10:18 |—37.94 | 680.2 | 17.93 18.78 712.5 
53 |6/20/40 | :55:49 |—42.60) 856.8 | 20.11 23.56 1003.7 
69 |7/19/40 | :50:09 |—43.27 | 953.7 | 22.04 23.65 1023.3 
70 |7/20/40 | :47:03 |—47.29 | 1016.6 | 21.50 22.59 1068.3 
36 |5/31/40 | :46:21 |—49.07 1031.8 | 21.03 23.97 1176.2 
41 |6/6/40 :37:47 |—49.56 1265.6 | 25.54 23.91 1285.0 
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TABLE 1—Continued 
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heated air surrounding a warm body in a cooler 
environment aid in carrying away heat conducted 
into the air. This loss is most pronounced when 
wind velocities are lowest and cause frequently 
greater loss than would be expected with normal 
wind velocity measurements. However, at higher 
wind velocities the added loss by convection be- 
comes insignificant. 

3. Conduction and Convection Due to Air Move- 
ment.—For air in a stagnant state, Winkelman 
(Physics Handbook) gives a thermal conductivity 
equal to 2.0448 kilogram calories per square 
meter per hour per degree centigrade per 1 centi- 
meter in thickness. However, as the wind moves 
the heated air away from the surface of a warm 
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Total rate of 
cooling of water | 
calculated by formula | measured and 
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of cooling 


W-C factor 
calculated formula 


Vv X100 +10.45 —9 


METERS PER SECOND (7 To 14 MILES PER HouR) 


9 METERS PER SECOND (14 TO 21 MILES PER Hour) 


| 28.45 

| 30.95 
28.85 | 
31.96 
35.86 

, 30.00 
29.95 
31.86 
32.01 
3.380 
32.69 
29.90 


30.88 
33.21 
| 33.57 
| 31.73 | 
32.26 | 
| 33.19 

32.07 

| 30.96 


548.0 

565.4 

745.4 

860.2 

829.0 

1007.0 

1085.3 
1069.6 


| 


280.4 
491.4 
566.9 
696.0 
720.7 
807.6 
639.7 
958.6 
1016.1 
1127.3 
1134.1 
1525.1 


| 
29.61 | 

30.20 
30.01 
31.21 
29.49 
31.34 
29.81 
30.52 
30.25 
31.34 
31.02 
30.13 
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METERS PER SECOND (21 TO 34 MILES PER HouR) 


558.8 
685.7 
730.5 
794.0 
853.8 
972.5 
978.0 
1225.7 


31.82 
32.36 
33.71 
32.34 
32.17 
32.17 
31.72 
31.86 


} 
| 
| 
| 
} 
| 


body, the rate of heat loss from the surface in- 
creases sharply. Stagnant air serves as an insu- 
lation, and as long as there is no movement, the 
insulation value will increase with thickness of 
the air mass surrounding the body. The exact 
relation between conductivity and radiation in 
this sense may be debatable; however, as all 
increases in heat loss depend on the sharpness of 
thermal gradient, it is probable that they are 
similar in basic mechanism. 


ANALYSIS OF THE WIND-CHILL FACTOR 


The analysis of the W-C factor begins logically 
with a study of its relation to wind velocity. 
The recording of wind velocity was in itself the 
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most difficult and inaccurate of our measure- 
ments. At first we used a hand anemometer 
capable of accurately measuring low velocities up 
to about 16 miles per hour. Several factors, 
however, proved this instrument to be un- 
satisfactory: 

1. It was not feasible for a separate recorder to 
take periodic measurements of wind velocity; 
therefore, the measurements often interfered 
with routine temperature observations. 

2. During periods of low wind velocity, gusts 
and turbulence and variations in velocity made 
sample observations untrustworthy. 

3. During periods of low temperatures and 
high wind velocities, an exposed portion of an 
observer’s face or hands would often freeze in 15 
to 20 seconds by actual timing. The torture of 
frequently having to stand in such blasts of cold 
draining atmosphere for 2 minutes at a time was 
not conducive to accurate recording. 

4. The oils lubricating the swift-moving axle 
of the anemometer would usually stiffen quickly, 
giving false low readings, and, unless the hand 
anemometer were taken inside each time, it 
would “freeze up’’ entirely. Furthermore, taking 
the instrument from the cold exterior to a warm 
interior always led to condensation unless it was 
handled under a blanket; resultant ice forming on 
the instrument would cause complications. 

For a while we tried taking local official wind 
velocity records; however, these were obviously 
not always correct for the area adjacent to 
the relative comfort thermometer. Finally, we 
adopted a light Robinson cup anemometer with 
1/60-mile electric contacts as previously de- 
scribed. The flashes of light made possible by 
each contact were counted by the recorder on a 
comptometer, the summary being recorded each 
5 minutes at the time of recording air tempera- 
ture. Average wind velocity was then computed 
over the total time the cylinder was in process of 
freezing. 


CHOICE OF A UNIT FOR EXPRESSION OF 
COOLING RATE 

The decision as to what unit of heat loss to use 
to express relative comfort was carefully con- 
sidered. It is unfortunate that so many subjects 
of related thermal interest are expressed by so 
many different units. Kilogram calories per hour 
per square meter of body surface is the most 
common physiological unit for expressing heat 
production of metabolism. Thermal transmis- 
sion through textiles and building insulating ma- 
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terials are expressed in gram calories per square 
centimeter per second or in B.t.u. per square foot 
per hour, and Hill’s cooling power of the atmos- 
phere was expressed in millicalories per second. 
Each of these units forms a stumbling-block that 
requires lengthy translation to be usable in terms 
of one another. In view of the intimate relation 
of cooling power of the atmosphere to sensible 
temperatures and relative comfort, the decision 
to select kilogram calories per square meter per 
hour appeared most logical. The reasons for 
this seemed heightened also by the fact that 
recent clothing insulation studies have selected 
this unit for expression (Herrington, Pierce Labo- 
ratories, 1942; Gagge, Burton, and Bazett, 1941: 
428-430). 

Also, in turning away from the unit of expres- 
sion adopted by Hill and in the interest of greater 
usability, we recommend that neutral skin tem- 
perature of 33° C. (91.4° F.) be substituted for 
the basic blood temperature line (98.4° F.). The 
substitution is recommended on the basis that 
when skin temperature falls below the neutral 
point, a deficit in stored heat occurs, causing a 
sensation of chill. When the skin temperature 
rises above the neutral point, a surplus of heat is 
present, and by the time the average skin tem- 
perature reaches about 34.5° C. (94.1° F.), 
sweating usually commences. The effect of 
evaporation immediately reduces skin tempera- 
ture, and therefore, except in cases of fever or 
where there is undue exertion, the skin tempera- 
ture rarely rises much above the neutral point. 

There are, of course, logical grounds for se- 
lecting 32° C. as more nearly the neutral temper- 
ature. Again, however, for sake of uniformity, 
33° C. was selected because of the proposal made 
by Gagge, Burton, and Bazett that clothing 
insulation be based upon the ‘‘clo”’ value of the 
clothing required to keep the body in comfortable 
thermal equilibrium in a room with 20 feet of air 
moving at 21° C. (69.8° F.) dry bulb and a 
relative humidity of less than 50 per cent 
when the average skin temperature is 33° C. 
(By formula one clo—insulation unit—equals 


*C. 
‘al./hr./M2 ) 
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CONSTRUCTION OF A COOLING FORMULA 


Interpretation of the cooling curve required 
considerable analysis, and it was soon clear that 
it did not follow a simple square root curve as had 
been suggested by Hill and the Pierce Labo- 
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TIME IN HOURS AND MINUTES 
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EXP NO WIND VEL. 1.46;MPS 


WIND VEL. 9.5 4.) 


TEMP -30.8C 
WIND VEL:9.42 





EXP NO.|57 TEMP -I76 





Fic. 3. Comparative cooling rates under various atmospheric conditions. 

These graphs show the comparative cooling rates of the cylinder for 5 selected experiments. Note the irregularity 
of the cooling curve between 10 and 0. This is interpreted as the settling of 4° C. water in the bottom of the cylinder. 

After the water reached uniform density, cooling again became uniform. Undoubtedly this peculiarity was due to 
the construction of the thermohm. 

All temperatures refer to mean air temperature during the period‘of actual freezing. Wind velocities are the mean 
of all measurements made during the freezing period. Cooling rates are actual measurements. However, they do not 
differ more than 4.4 per cent from the mean cooling rates calculated by formula. 











ratories experiments. The 
hyperbolic. 

After numerous attempts a simplified formula 
was adopted which most nearly fits the curve. 
The square root values of wind velocity pointed 
out by Winslow, Herrington, and Gagge in centi- 
meters per second coincide remarkably well with 
the cooling value in kilogram calories per square 
meter per hour per degree centigrade. By 
capitalizing upon this fortunate occurrence, a 
formula was chosen correcting our cooling curve 
to it. Figure 3 shows an average cooling value 
curve of all the experiments, as compared with 
the square root curve and the adopted formula: 


curve was more 


Ky = ‘Vv X 100 + 10.45 — v)(33 — Ty) 


in which i:9 = total cooling power of the atmos- 
phere in complete shade without regard to 
evaporation. Expressed in kilogram calories per 
square meter per hour, v equals the velocity of 


W.V. IN MPS. 


RELATION OF MEASURED COOLING RATE, 
FORMULA; AND SQUARE ROOT CURVE 


® » MEASURED COOLING 


——+ CALCULATED RATE BY FORMULA: 
TWAx100 + 10.45-W.V, 


—-—* WUKIOS 


4 = ELIMINATED BECAUSE OF WIDE 
DIVERGENCE OR UNRELIABLE DATA 


NOTE: CLUSTERING OF READINGS 
BETWEEN 2,5 AND 3.5 MPS. 
IS BELIEVED TO BE CAUSED 
BY ANEMOMETER DIFFICULTIES 
OR COOLING VARIATION DUE 
TO TURBULENCE AND LOCAL 
CONVECTION CURRENTS. 
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the wind in meters per second; 7, equals the 
temperature of the air in degrees centigrade. 

It will be noted that the formula fails to 
follow the cooling curve mainly at two points. 
(1) Cooling in a condition of still air is greater by 
formula than by actual measurement. How- 
ever, such a discrepancy is in favor of reality, 
since the human body in the course of normal 
movement and breathing creates a constant air 
movement about it. (2) In low wind velocities of 
2 to 3 meters per second (4 to 7 miles per hour), 
the formula shows a lesser rate of cooling by 
about one calorie per degree centigrade. This, 
however, does not create an error of more than 
about 4 per cent, and in higher wind values the 
curve fits closely. Above 30 miles per hour, the 
cooling curve has been extrapolated, and it is 
improbable that at any velocity above 45 miles 
per hour the cooling much exceeds 35 calories. 
The formula becomes retrograde at velocities 


























"COOLING RATE iN MKILOCRAM CALORIES PER SQUARE METER PER HOUR PER DEGREE CENTIGRADE 


Relation of measured cooling rate, formula, and square root curve. 
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above 25 meters per second (56 miles per hour), 
and therefore, for velocities of over 20 meters per 
second (45 miles per hour), the round figure of 35 
calories is recommended as the probable cooling 
rate per degree centigrade. 

Table 2 gives a summary of W-C values for 
various wind velocities in miles per hour and 
meters per second. 

Table 3 gives the actual Ko, or total dry-shade 
cooling values, in round numbers for all air 
temperatures ranging from +33° C. (91.4° F.) to 
—40°C. (—40° F.), and from calm to wind 
velocities up to 20 meters per second (45 miles 
per hour). The utility of the formula and tables 
is shown when conditions at various Antarctic 
weather stations are comparatively examined. 

Tables 4-A and 4-B show 12 stations in 
Antarctica compared on the basis of mean 
monthly wind velocities and mean monthly tem- 
peratures. The yearly average cooling value and 
the probable highest value of cooling to be ex- 
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pected are shown on the basis of the abso- 
lute minimum temperature observed, computed 
against the mean yearly wind velocity. It is 
especially interesting to compare conditions at 
Mawson’s camp at Cape Denison (‘‘Home of the 
Blizzard’’) with those observed at Little America 
in the Bay of Whales region. In the latter area 
cooling reaches a maximum owing to extremely 
low temperature, while at Cape Denison wind is 
seen to be the dominant factor. Except, possi- 
bly, in the interior of Antarctica and during 
midwinter in certain areas of Siberia, these two 
stations are undoubtedly the most dangerous 
frigid zones for human habitation on earth. 
After studying the problem of atmospheric 
cooling, it becomes clear that almost any method 
adopted must of necessity be a generalization. 
It is further interesting to note that for moder- 
ately low wind velocities our measured values 
agree remarkably well with the measurements 
made and formulae used by Winslow, Herrington, 


TABLE 2 


ATMOSPHERIC COOLING DUE TO VARIATION IN WIND VELOCITY (WIND-CHILL FACTOR) 


Miles Meters | Miles 


per hour | per sec. Cal./m?./hr./°C.} 
00 10.45 | 00] 6.30) 
10 13.51 | 22 | 6.40) 
.20 | 14.72 = 6.50 | 
30 15.63 | .67 | 6.60) 
40 16.37 89 | 6.70 | 
50 17.02 1.12 | 6.80 
60 17.60 1.34 | 6.90 
70 18.12 1.57 | 7.00 
80 18.59 1.79 10 
90 | 19.04 2.01 .20 
00 19.45 2.24 30 
10 19.84 2.46 40 
20 20.20 2.68 50 
30 20.55 2.91 60 | 
40 20.88 3.13 70 | 
50 | 21.20 3.36 80 | 
60 | 21.50 3.58 | 7.90 | 
70 79 | 3.80 | 8.00 
80 07 4.03 | 8.10 
.90 8.20 | 
00 59 ' 8.30 
10 8.40 | 
20 08 92 | 8.50 
30 31 . -§, 8.60 | 
AO | 54 5. 8.70 
50 | 76 5.3 8.80 
60 | 8.90 | 
70 | 9.00 | 
2.80 | 9.10 | 
2.90 9.20 
3.00 9.30 
3.10 | 9.40 | 


Meters 


Cal./m*./hr./°C 
per sec 


29.25 
29.35 
29.45 
29.54 
29.63 
29.73 
29.82 
29.91 
30.00 
30.08 
30.17 
30.25 
30.34 
30.42 
30.50 
30.58 
30.66 
30.73 
30.81 
30.89 


| 14.09 
14.32 
| 14.54 
| 14.76 
14.99 
| 15.21 
| 15.43 
| 15.66 
| 15.88 
| 16.11 
| 16.33 
16.55 
16.78 
| 17.00 
17.22 
| 17.45 
| 17.67 
17.90 
| 18.12 
| 18.34 
| 18.57 
| 18.79 
| 19.01 
19.24 
| 19.46 
19.68 
19.91 
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| 20.58 

20.80 
| 21.03 
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| per hour] per sec. | 


20.13 | 


Meters | Miles 


‘, 2 / og | 
Cal./m?./hr./°C. | per hour 


per hour | per sec. | 
el : a 


| 

| 28.18 | 18.80 | | 42.05 
28.41 | 18.90 35. | 42.28 
28.63 | 19.00 | 42.50 
28.86 | 19.10 42.72 
29.08 | 19.20 42.95 
29.30 | 19.30 43.17 
| 29.53 | 19.40 43.40 
29.75 | 19.50 | 43.62 
29.97 | 19.60 43.84 
30.20 | 19.70 | | 44.07 
30.42 | 19.80 | 44.29 
| 30.65 | 19.90 | | 44.51 
30.87 | 20.00 | 44.74 
31.09 | 20.10 | 44.96 
| 31.32 | 20.20 | 45.19 
| 31.54 | 20.30 | 45.41 
| 31.76 | 20.40 | 45.63 
31.99 | 20.50 45.86 
| 32.21 | 20.60 | | 46.08 
32.44 | 20.70 | 46.30 
32.66 | 20.80 | | 46.53 
| 32.88 | 20.90 | 46.75 
33.11 | 21.00 | 46.97 
| 33.33 | 21. 47.20 
33.55 | 21. 47.42 
33.78 | 21.2 47.65 
34.00 47.87 
34.22 48.09 
34.45 48.32 
34.67 | 48.54 
| 34.90 48.76 
35.12 48.99 


33.35 
33.39 
33.43 
33.47 
33.51 
33.54 
33.58 
33.62 
33.66 
33.69 
33:73 
33.76 
33.80 
33.83 
33.87 
33.90 
33.93 
33.97 
34.00 
34.03 
34.06 
34.09 
34.12 
34.15 
34.18 
34.21 
34.23 
34.26 
34.29 
34.32 
34.35 
34.37 


12.60 | 
12.70 
12.80 
12.90 
13.00 
13.10 
13.20 | 
13.30 | 
13.40 
13.50 | 
13.60 | 
13.70 | 
13.80 | 
13.90 | 
14.00 
14.10 
14.20 
14.30 | 
14.40 | 
14.50 
14.60 | 
14.70 
14.80 
14.90 | 
15.00 
15.10 
15.20 
15.30 | 
15.40 | 
15.50 
15.60 | 
15.70 | 
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pc,| Miles Miles 


‘| per hour | per sec. 

7.16 9.50 
7.38 9.60 
7.61 9.70 
7.83 9.80 
8.05 9.90 
8.28 | 10.00 
8.50 | 10.10 
8.72 | 10.20 
8.95 | 10.30 
9.17 | 10.40 
9.39 | 10.50 
9.62 | 10.60 
9.84 | 10.70 | 
10.07 | 10.80 
10.29 | 10.90 
10.51 | 11.00 
10.74 | 11.10 
10.96 | 11.20 
11.18 | 11.30 | 
11.41 | 11.40 | 
11.63 | 11.50 | 
11.86 | 11.60 | 
12.08 | 11.70 | 
12.30 | 11.80 
12.53 | 11.90 
12.75 | 12.00 | 
12.97 | 12.10 | 
13.20 | 12.20 
13.42 | 12.30 

| 13.65 | 12.40 | 

13.87 | 12.50 


Meters Cal./m?./hr./°C. 


31.77 
31.83 
31.89 
31.95 
32.01 
32.07 
32.13 
32.19 
32.24 
32.30 
32.35 
32.41 
32.46 
32.51 
32.56 
32.62 
32.67 
32.71 


21.25 
| 21.47 
| 21.70 

21.92 
| 22.15 
| 22.37 
| 22.50 
| 22.82 
| 23.04 

23.26 
| 23.49 
| 23.71 
| 23.93 
| 24.16 
| 24.38 

24.61 

24.83 

25.05 
| 25.28 
| 25.50 
| 25.72 

25.95 
| 26.17 

26.40 
| 26.62 
| 26.84 
| 27.07 
| 27.29 

27.51 
| 27.74 

27.96 
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and Gagge of the Pierce Laboratories. It does, 
however, question the validity of their values at 
higher wind velocities. On the other hand, our 
figures are found to be roughly 60 per cent of the 
values derived by the Hill formula for dry 
cooling. 


POSSIBLE AVENUES OF ERROR 
IN EXPERIMENTATION 


There is no claim made that our experiment 
has reached perfection, although it is felt that it 


does point to an improved formula. Further 
experimentation may make it possible to effect 
corrections which will account for variations in 
radiation and convection losses due to differences 
in temperature gradient. 

We freely point out avenues of error which 
may have entered into our procedure: 

1. Owing to lack of sensitivity of the anemom- 
eter used during recording, low wind velocities 
(where the cooling advance is rapid) were perhaps 
underestimated. Also at very low temperatures 
anemometer lubricants may have become thick- 


TABLE 2—(Continued) 


per hour] per sec. 
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l 
Cal./m?./hr./°C.| Miles | Meters 


"| per hour | per sec. 
35.34 | 22.00 
35.47 | 22.10 | 
35.79 | 22.20 | 
36.01 | 22.30 | 
36.24 | 22.40 
36.46 | 22.50 | 

| 36.69 | 22.60 

| 36.91 | 22.70 | 
37.13 | 22.80 
37.36 | 22.90 

| 37.58 | 23.00 

| 37.80 | 23.10 
38.03 |} 23.20 | 
38.25 | 23.30 
38.47 | 23.40 
38.70 | 23.50 
38.92 | 23.60 | 

| 39.15 | 23.70 | 
39.37 | 23.80 

| 39.59 | 23.90 | 
39.82 | 24.00 | 

| 40.04 | 24.10 

| 40.26 | 24.20 | 

| 40.49 | 24.30 | 
| 40.71 | 24.40 | 

40.94 | 24.50 | 
| 41.16 | 24.60 | 

| 41.38 | 24.70 
41.61 | 24.80 
41.83 | 24.90 

25.00 | 


Meters Miles 


per hour 
| 49.21 
| 49.44 
| 49.66 
| 49.48 
| 50.11 
| 50.33 
| 50.55 
| 50.78 
51.00 
| 51.23 
| 51.45 
| 51.67 
| 51.90 
2 
52.34 
52.57 
| 52.79 
53.01 
53.24 
53.46 
| 53.69 
| 53.91 
54.13 
| 54.36 
| 54.58 
54.80 
55.02 
55.25 
55.48 
| 55.70 
55.92 


Cal./m?*./hr./°C. 


35.35 
35.. 
35.. 
35.. 
33. 
35.< 
35.3 
33. 
35.40 
35.40 
35.41 
35.41 
35.41 
35.42 
35.42 
35.42 
35.43 
35.43 
35.43 
35.44 
35.44 
35.44 
35.44 
35.45 
35.45 
35.45 
35.45 
35.45 
35.45 
35.45 
35.45 


34.40 
34.42 
34.45 
34.47 
34.50 
34.52 
34.55 
34.57 
34.60 
34.62 
34.64 
34.66 
34.68 
34.70 
34.72 
34.74 
34.76 
34.78 
34.80 
34.82 
34.84 
34.86 
34.88 
34.89 
34.91 
34.92 
34.95 
34.96 
34.98 
34.99 


15.80 | 
15.90 | 
16.00 
16.10 | 
16.20 | 
16.30 | 
16.40 | 
16.50 | 
16.60 
16.70 | 
16.80 | 
16.90 | 
17.00 
17.10 
17.20 | 
17.30 | 
17.40 | 
17.50 
17.60 
17.70 
17.80 
17.90 
18.00 
18.10 
18.20 
18.30 | 
18.40 | 
18.50 | 
1:60 


ened and caused a slight drag, reducing true 
reading of all wind velocities. 

2. Convection loss which increases with greater 
differences in temperature gradient, especially at 
low wind velocities, is not given a special cor- 
rection in the final formula adopted. 

3. Still-air chambers usually had a vertical 
temperature gradient, a situation which could 
not be avoided because of colder air above than 
below. This condition would tend to set up 
some gravity air movement, thereby increasing 
cooling. 

4. Control of radiation was impossible, al- 
though some melikeron pyronometer readings 
were taken. There appears to be no striking 
contrast, however, between occasions of clear and 
clouded sky. 

5. Surface area exposed to a cubic centimeter 
of water may not have been exactly 1 to 1 in the 
cylinder as assumed. It is possible that toward 
the end of the experiment some of the water may 
have combined with the pyrolin, thus causing the 
cork expansion absorber to become water-logged. 
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TABLE 2-A 


fue Winp-Cai_t Factor or Dry-SHapt 
COOLING PER DEGREE FAHRENHEIT 
DIFFERENCE 


ATMOSPHERIC 
[TEMPERATURE 


Wind- Wind 
Chill Meters velocity Chill 
factor per sec. miles per tactor 
(W-¢ hour (W-< 


Wind 
Meters 


per sec. 


11.622 
12.069 
12.516 
12.963 
13.410 
13.857 
14.304 
14.751 
15.198 
15.645 
16.092 
16.539 
16.986 
17.433 
17.880 
18.327 
18.774 
19.221 
19.668 
20.115 
20.562 
21.009 
21.456 
21.903 
22.350 


~ 
= 
So 


5, 
9. 
10. 
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000 

447 

894 
1.341 
1.788 
2.235 
2.682 
3.129 
3.576 
4.023 
4.470 
4.917 
5.364 
5.811 


18.27 
18.38 
18.49 
18.55 
18.68 
18.77 
18.85 
18.93 
19.01 
19.07 
19.13 
19.19 
19.26 
19.30 
19.35 
19.39 
19.43 
19.47 
19.50 
19.53> 
19.56 
19.58 
19.60 
19.62 
19.63 
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13.38 
13.87 
14.29 
14.70 
15.05 
15.37 
15.67 
15.95 
16.21 6.258 
16.45 6.705 
16.67 7.152 
16.88 7.599 
17.08 8.046 
17.26 8.493 
17.43 8.940 
17.59 9.387 
17.74 9.834 
17.89 10.281 
18.02 10.728 
18.18 11.175 
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For calculating Ky (total dry-shade cooling), multiply 
the wind-chill factor by the difference (7) between skin 
temperature (7,) and air temperature (7). For calculat- 
ing standard potential cooling of the air, 7, is taken to be 
914° RF. “. Ko = W-C (91.4 — T,). 


There is no attempt here to make a companion 
formula for the wet cooling value, since that has 
not entered into our investigation. Nevertheless 
our dry cooling values present an easily adaptable 
formula suitable for calculating the probable 
cooling value in terms of wind and temperature 
values only. In direct sunlight, the value will 
decrease considerably, and even in reflected 
sunlight or on cloudy days during daylight hours, 
the calculated values will probably be higher 
than the true values. 

When using these figures with the thermal 
values of human metabolism, it will be well to 
bear in mind that under conditions of dry 
cooling approximately 24 per cent of heat lost by 
the human body is due to vaporization of breath 
and insensible perspiration. This loss should, 
therefore, be added to radiation, convection, and 


conduction calculations. On the other hand, the 
values as given by the formula are for the naked 
human body, and as such should be corrected by 
clothing insulation figures when determining the 
actual demand upon the body. 


THE EFFECT OF EXTREME COOLING 
ON THE HUMAN BODY 


In conjunction with our measurements of 
atmospheric cooling, numerous simultaneous ob- 
servations of the time required for the freezing of 
normal human flesh exposed in the path of cold 
wind were made by Medical Officer Frazier. 
Table 5 shows the results of some of these 
experiments. 

The subject, bare-headed, but otherwise 
warmly clothed, was faced into the wind, and the 
length of his exposure (before a sharp twinge of 
pain announced that at that moment freezing 
began) was timed. Dr. Frazier usually was able 
to observe immediately the sudden blanching 
accompanying the freezing sensation. There are 
cases of wide variation recorded here, which 
undoubtedly are due to differences in blood 
circulation between individuals, or at least to 


AVERAGE COOLING POWER 
OF THE ATMOSPHERE FOR 


ANTARCTIC STATIONS 





7100 Tyan. | FEB. | WAR. | APR. | Mav [June [auLy | AUG. |SePT. | OCT. | nov. | DEC. | JAN. 
Fic. 5. Average cooling power of the atmosphere for 
Antarctic stations, 
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DRY ATMOSPHERIC COOLING IN SUBFREEZING TEMPERATURES 


TABLE 4 
AVERAGE COOLING POWER OF THE ATMOSPHERE FOR ANTARCTIC STATIONS 
(Wind Chill in Dry Shade) = (v X 100 + 10.45 — v)(+ 33° C. — T.) = Cal./Hr./M2 


v = wind velocity in meters per second 
T, = temperature of air 


Cal. = 1000 gram calories 


| | | Probable 
Station Jan. Feb. Mar. | Apr. May | June July | Aug. | Sept. | Oct. Nov. | Dec. pene) absolute 


| | maximum 
| | 


Cape Adare 863 1063 | 1093 | 1391 | 1247 1217 | 1302 | 1418 | 1128| 883| 825| 1124 | 1738 
McMurdo Sound | 1003 | 1267 | 1481 | 1635 | 1708 | 1732 | 1787 | 1772 | 1704 | 1541 | 1237 | 1020| 1489 | 2276 
Bay of Whales | 1072 | 1335 | 1615 | 1722 | 1706 | 1660 | 1948 | 1907 | 1934 | 1670 | 1374| 1078 | 1583 | 2484 
West Base 1940, L. A. | 1119 1449 | 1415 | 1929 | 1876 | 1859 | 1938 | 2113 | 1635 | 1411 | 1134 | 1707 | 2523* 
Belgica 1020 | 1032 | 1278 | 1426 | 1188 | 1424 | 1590 | 1313 | 1515 | 1244 | 1182 | 1046 | 1278 
Barry Island | 917 | 1019 | 1193 | 1275 | 1369 | 1174| 996| 909} 788| 888| 836/1005| 1049 
Graham Land, N. W. | 808| 786| 844| 953 | 1020 | 1301 | 1260 | 1232 | 1089 | 1082 | 922 | 847} 992 
Snow Hill Island | 947 | 1110 | 1462 | 1435 | 1603 | 1647 | 1722 | 1649 | 1497 | 1303 | 1278 | 946| 1387 
Weddell Sea 1018 | 1148 | 1304 | 1345 | 1436 | 1467 1641 | 1536 | 1393 | 1289/1109} 996] 1315 
Laurie Island | 880) 915 | 953 | 1034 | 1132 | 1207 | 1240 | 1214 | 1100 | 1061 | 948 | 899 | 1056 
South Georgia | 871| 901} 858| 996 | 1004 | 1028 | 1056 | 998 | 942| 915| 889| 867| 950 
Gauss | 907 | 1045 | 1138 | 1391 | 1475 | 1417 | 1505 | 1723 | 1404 | 1227| 1095 | 932| 1274 


Cape Denison 1131 | 1273 1550 | | 1750 1814 | | 1880 | 1864 | 1802 | | 1800 | 1695 | 1426 1237 | | 1608 


* Actual maximum cooling observed Sequeties' 4 4, 1940, ranging iene’ 2496 ene 2646 cals. (Temp. —50° to 
—54.7° C. or —58° to —65° F.) (Wind velocity 11 to 16 miles per hour 5 to 7 meters per second.) 


TABLE 4-A 
AVERAGE MONTHLY TEMPERATURES IN DEGREES CENTIGRADE 


te : | | 
Station Jan. Feb. Mar. es May June aay Aug. Sept. | Oct. Nov. Dec. we. 


Cape Adare i —2.8 74 — 12.6 |—19.0 | 25.8 sn BA |~25.3|—21.9 '—18.1 | —7.5 sn fut —13.9 
McMurdo Sound ; —9.0 |—15.3 | —22.7 | —23.6 | —24.4 | —25.9 |—25.9 | —24.3 | —19.0 | —9.9| —4.0| —17.4 
Bay of Whales .1 |—14.2 |—22.6 |—29.5 |—31.5 | —27.8 | —39.4 | — 39.1 | — 38.9 | — 25.8 | |\—17.1 | —7.3| —25.0 
Belgica . ~1.1) —89|~1181 —6.5|—15$ |—33,7 |—11.31 —18.6| —7.8| —6.9| —2.3| —9.6 
Barry Island 3} —3.8|—13.5 |—17.7 |—14.3 |—14.4| —6.6| —2.2| +0.4 | +1.6| +1.4| +04) —5.9 
Graham Land, N. W. : +0.5| —0.1| —4.4| —6.5|—17.4|)—12.3 |—10.2| —6.9| —4.4| —1.3) +0.4) —4.3 
Snow Hill Island , — 3.6 |—10.3 | —13.8 | —18.2 |—19.7 | —20.8 | —19.2 |—15.6| —9.5| —8.1| —2.0| —11.8 
Weddell Sea 3. —9.6|—13.9 — 17.3 |—20.7 | — 24.2 | — 25.5 — 23.0 |—17.3 |-12.2| —6.7| —2.8| —14.7 
Laurie Island ; +0.1}| —0.7| —3.4) —7.2|-—10.8 |—11. 2} —9.9| —6.9| —4. 2| —2.2| —0.8| —48 
South Georgia ‘ +5.2|} +4.4 +2.2 | +0.1 | —1.7| —1.8|) —1. 5 | +0.2 | +1. 6 | +3.0| +3.7| +1.7 
Gauss . —3.1| —8.3 — 15.6 |—14.1 —17.5 |—18.1 feo (aga +129] —6.9| —1.3| —11.5 
Cape Denison . —4.4 |—10.9 |— 16.6 | |— 18.2 |— 20.2 |— 19.6 | — 18.0 |—18.4 | —15.0) —8.2| —2.9| —12.8 


t 


TABLE 4-B 
WIND VELociIty (METERS PER SECOND) 


< 
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CUNT PO, RAE DN | : 


Station Jan. Feb. Mar. Apr. May June July Aug. 


3.9 2.6) 4.2 
79 | 641] 7.3 | 

4.0 
7.2 
6.0 


Cape Aide 
McMurdo Sound 
Bay of Whales 
Belgica 
Barry Island 
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differences in the amount of fluid in the skin. It 
is readily apparent that some men’s faces freeze 
quickly upon short exposure, while others require 
longer exposure. Sensation of pain apparently 
varies in intensity with individuals, since some 
men blanch without actually freezing while others 
exhibit only a flushed appearance. 

Apparently freezing of human flesh begins 
when cooling exceeds about 1,200 to 1,600 
kilogram calories per square meter per hour. 
This factor is predicated upon the amount of 
activity or heat output, and upon the rate of 
drainage of stored heat of the individual. Type 
of clothing and amount of vascular flow also play 
an important part, as do the character and 
amount of radiant heat present. During the 
Antarctic summer months (November, Decem- 
ber, and January) frost bites are rarely if ever 
encountered, and in the midwinter months it is 
just as rare to come upon a day when frostbites 
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are improbable. Thus we find that here we have 
one of the climatic boundaries of human exist- 
ence, where lack of adequate protection will cause 
death. 

Destruction of the human body by freezing is 
apparently not swift when adequate windproof 
clothing is worn. During the winter night one 
man was lost for three days in a blizzard with 
a cooling rate that ranged from 1,610 to 2,100 
calories (average, 1684). Average temperature 
during the period was —9.4° F. (—23° C.), and 
the average wind velocity was 22.3 miles per hour 
(10 meters per second). The man found his way 
back to camp unharmed save for badly frost- 
bitten toes. The clothing he wore during the 
time of exposure consisted of: 1 suit woolen 
underwear, 1 pair light dungaree work pants, 1 
woolen shirt, 1 woolen jacket, 1 woolen helmet, 
1 suit of light windproofs (pants and parka), 











Location of 13 stations in Antarctica. 
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TABLE 5 
OBSERVATIONS ON THE FREEZING TIME OF EXPOSED HUMAN FLESH IN PATH OF COLD WIND 
Experiment 9* 
May 4, 1940, at Little America III 


Conditions: Wind velocity about 7 meters per second (16 miles per hour). 
Temperature: —32.5° C. (—26.6° F.). 
Average cooling rate: 2000 kg. cal./m?./hr. 


Subject Part exposed Freezing time Remarks 


Chas. Passel 
Sig. Gutenko 
R. Moulton 
O. Gray 

J. Perkins 

H. Richardson 
Jas. McCoy 
Chas. Passel 
Chas. Passel 


E. Lockhart 


Nose 1’ 15” 
Eyelids and nose 48”’ 
Nose i 43? 
Nose 1’ 30” 
Nose 56” 
Nose 1’ 58” 
Nose 1’ 36” 
Nose 50” 
Nose 20” 
Cheeks (negative) ee 4 <3 


Still cold 

Became bodily cold, but face re- 
mained flushed 

W. Giles 

C. Shirley 

Chas. Passel 

H. Gilmour 

R. Frazier 

F. A. Wade 

P. Siple 


Nose 35" 
Side of temple 6’ 19” 
Nose Je 
Nose 1’ 49” 
Nose Yas 
Nose Vs 4 
Nose 52” 


Did not feel ping 








Experiment 13* 
May —, 1940, at Little America III 
Conditions: Average cooling rate, 2308 kg. cal./m.?/ 


Subject 


Chas. Passel 
P. Siple 

R. Butler 
T. Petras 
C. Shirley 


I. Schlossbach 
Chas. Passel 


C. Griffith 
J. Perkins 
Jas. McCoy 
P. Siple 


Chas. Passel 





Part exposed 


No freezing 
Nose 
Nose 
Nose 
Nose 


Nose 
Chin, cheek, wrist 


Cheek 

Nose 

Cheek 

Nose 

Chin 

Rt. side nose 
Wrist 

Chin 


Eyes 


Rt. cheek 
Face 








Freezing time 


60” 
Ss". 


Me ase 


1’ 07” 


over face which seems to give added protection. 


on whiskers. 
26"’ 


15” 
40” 
ss 
55” 
45” 
35” 
30” 
45” 
1’ 00” 


a’ 
2’ 00” 





Remarks 


All of face and eyes pained 


| Ping and white at once 


Turned white, but did not freeze 
Shirley has whiskers and fine hair 
Ice formed 


Finally nose turned white, but no ping 


Recently froze nose on these ex- 
periments and it has resisted 
freezing more since that time 


Slight ping 
| Like metal burn 


Ping was noticeable 

Ache and pain above eyes (or- 
bital ridges) 

Ping 

Whole face pained, but upon 
getting inside found that right 
cheek was only part of face 
actually white and that was 
slight 


* Experiments conducted by Dr. Russell G. Frazier, medical officer at Little America, 1940. 
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1 pair horse-hide mits with woolen inner-liners, 
2 pair woolen socks, 1 pair fur mukluks. 

The wind-breakers effectively reduced cooling 
by approximately 66 per cent (or about 1,123 
calories), and the other garments furnished an 
insulation value equal to a reduction of about 361 
calories of cooling, if we assume that activity and 
shivering amounted to an average metabolic heat 
output of about 200 kilogram calories per hour 
per square meter. His greatest discomfort, he 
stated, had been induced by periodic sieges of 
violent shivering which prevented sleep, but 
effectively increased the heat output of his body. 
Upon return he showed evidence of considerable 
dehydration and weakness, having eaten or drunk 
nothing during his absence. 

The importance of proper clothing in the case 
of the condition just mentioned is emphasized 
when compared with events involved in the 
extinguishing of a serious fire at Little America 
III on June 8, 1940. In the excitement of the 
moment, most of the men in camp rushed out 
into a blizzard, unmindful of improper clothing 
or the feeling of cold. Later it was found by the 


base medical officer that nearly all of the men had 


i 


Fic. 6. “The worst journey in the world.” Daily aver- 
age temperature, wind velocity, and resultant at- 
mospheric cooling rate, from figures in Cherry- 
Garrard’s diary of the winter journey, June 27 to 
August 1, 1911. (Source: Leonard Huxley, Scott's 
Last Expedition 2: 347-352, 1913.) 
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Fic. 7. Daily temperatures, wind velocities, and resultant 
atmospheric cooling rates. Recorded by the Bio- 
logical Party of Marie Byrd Land, November, 1940. 


suffered extensive frostbites to noses and cheeks. 
However, the cooling on this occasion averaged 
only about 2,100 kilogram calories per square 
meter per hour, temperature —30.4° C. (—22.8° 
F.), wind velocity 12 meters per second (26.8 
miles per hour). 

A group of four men in 1934 camped and 
traveled by foot under conditions of cooling ex- 
ceeding 2,450 calories with a 20-mile-per-hour 
wind (9 meters per second) at —50° F. (—45.6° 
C.). Those riven, completely clothed in wind- 
breakers, escaped without frostbites except for 
one man who used a woolen scarf instead of a 
windproof face mask. 

On this last expedition, members of the base at 
Little America III established and maintained a 
midwinter auroral observation station in a 
4’ X 8’ X 8’ plywood box (a second time in wind- 
proof cotton tents) and existed without mishap 
under conditions of cooling exceeding 2,300 
calories. 

Wilson, ‘Bowers, and Cherry-Garrard, mem- 
bers of the last Scott Expedition, 1911, endured 
camping and marching conditions for five weeks 
on their ‘worst journey in the world,” experi- 
encing a rate of cooling of the atmosphere 
averaging about 1,535 kilogram calories per 
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square meter per hour and ranging between 950 
and 2,800 calories. (Cooling was calculated on 
the basis of wind velocity estimates and probably 
would not have been as high as 2,800 had accu- 
rate measurements been taken.) 

Other climatic barriers to man’s life in Antarc- 
tica appear when wind velocities rise above 20 to 
30 miles per hour or the temperature drops below 
—60° F. In the latter case frosting of the 
bronchial tubes may be induced while indulging 
in exercise no greater than fast walking, while the 
deep breathing caused therefrom often produces 
nemorrhages. In the former case, heavy winds 
cause reduced visibility, owing to the ability of 
winds of this force to carry a load of drifting 
snow to an altitude above the height of a man. 

When West Base trail parties left for the field 
in the summer season of 1940, the members were 
requested to record estimates of relative comfort 
in addition to other meteorological information. 
The wind velocities which they subsequently 


TABLE 


DESCRIPTIVE TERMS WITH THEIR Dry COooLING VALUES APPROPRIATE 


195 


recorded were careful estimates but were not 
measured; therefore cooling figures are only ap- 
proximate. The analysis of their records justifies 
greater study than has been afforded here. How- 
ever, figure 7 shows a typical month of November 
‘Yon the trail,’’ together with the cooling values 
of the relative comfort estimates of the men. 
There is a most fascinating psychological and 
physiological experiment here. The boundary of 
unpleasantness depends considerably upon con- 
ditions which have recently preceded them. 
Pleasant weather marked A in October, after a 
cold September, is considered B condition in 
November and December. The judgment of 
pleasantness varies considerably between first 
impressions after awakening and later impres- 
sions after a hard day’s work. Overcast con- 
ditions, drift, and poor visibility enter in the 
judgment of pleasantness. The boundary be- 
tween good and fair days is well defined, but the 
attempt to classify days lying in a zone of 


6 


TO DIFFERENT 


TEMPERATURES AND WIND VELOCITIES 
Quart. Jour. Roy. Meteorol. Soc. 61: 326, 1935 (partly after E. Gold) 
In Sunshine 


5 m.p.h. 
wind 


Ko (Cooling), 


Temp. 
i cal./m?./hr. 


wind 


90 
80 


22 
136 
271 


Unbearably hot 
Unbearably hot 
Hot 

Warm 

Pleasant 


Cool 


Hot 
Warm 
Pleasant 
Cool 
Very cool 


Cold 


Light Cloud 


15 m.p.h. 


Unbearably hot 


Ko (Cooling), 
cal./m?./hr. 


25 m.p.h. 
wind 


Ko (Cooling), 
cal./m?./hr. 





30 
180 
360 
510 
690 
870 


32 
196 
391 
554 
750 
946 

1109 


Unbearably hot 
Very warm 
Pleasant 

Cool 

Very cool 

Cold 

Very cold 


Unbearably hot 
Very warm 
Warm 

Pleasant 

Cool 

Cool 


Very cool 


Warm 
Pleasant 
Cool 
Very cool 
Cold 
Very cold 


Very warm 


Very warm 
Pleasant 
Cool 

Very cool 
Cold 

Very cold 
Bitterly cold 


Thick Cloud 


Very warm 
Warm 

Pleasant 
Pleasant 

Cool 

Very cool 

Very cool (cold) 


Pleasant 
Cool 
Cool 
Very cool 
“Cold” 
Very cold 


Very warm 


Pleasant 
Cool 

Very cool 
Cold 

“Very cold” 
Bitterly cold 
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TABLE 7 


SraGes or ReLtative HuMAN COMFORT AND ENVIRONMENTAL EFFECTS OF ATMOSPHERIC COOLING IN THE REGION 
SURROUNDING LITTLE AMERICA, ANTARCTICA 


Cooling in 
cal./im?*./her 


0 Calm conditions in darkness at an air temperature of 33° C. (91.4° F.). Positive heat storage begins. 


Conditions reached only in midsummer on calm days with intense sunlight. Nude sun-bathing possible but 
eyes must be protected. 


\verage minimum limit of cooling in midsummer. Snow surface becomes tacky and soft. Airplane take 
offs on skis become difficult with heavy loads. 


Conditions considered as comfortable when dressed in wool underwear, socks, mitts, ski boots, ski headband, 
and thin cotton wind-breaker suits, and while skiing over level snow at about 3 miles per hour. (Metabolic 
output about 200 cal./m?./hr.) 


Pleasant conditions for travel cease on foggy and overcast days. 


Pleasant conditions for travel cease on clear sunlit days. 


Freezing of human flesh begins, depending upon de- 

gree of activity, amount of solar radiation, character Average maximum limit of cooling during Nov., Dec., 
of skin and circulation. Travelandlifeintemporary and Jan. conditions usually accompanied by blizzard- 
shelter becomes disagreeable. force winds. 


Conditions for travel and living in temporary shelter becomes dangerous. Average conditions reached in 
the darkness of midwinter. Exposed areas of face will freeze within less than 1 minute for the average in- 
dividual. 


Exposed areas of face will freeze within less than } minute for the average individual. 


Probable average limit of cooling during coldest period of late winter. 
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disagreeable or impossible-to-travel weather is 
less successful. 

In midsummer, on calm sunny days, atmos- 
pheric cooling is reduced to such an extent that 
occasionally it is possible for individuals to take 
sun baths in the nude, or to ski comfortably for 
hours at a time stripped to the waist in air 
temperatures below freezing. The rise of a 
noticeable breeze, or the shutting off of solar 
radiation by clouds, instantly increases cooling to 
an extent requiring clothing. 

Table 6 is based on the descriptive effects of 
cooling as set forth by Gold (1935: 326), with 
values of dry-shade cooling supplied by our 
formula for equivalent wind and temperature 
condition. Itis apparent that the effect of bright 
sunshine is equal to a decrease in cooling of about 
200 kilogram calories per square meter per hour, 
but light cloud condition reduces the value by 
one-half. These observations correlate closely 
with estimates of cooling as recorded by members 
of our trail parties. (Fig. 7.) 

To summarize the effect of the dry-shade 
cooling under Antarctic conditions, table 7 shows 
general bioclimatic responses from 0 to 2,500 
calories. For those readers who are interested in 
the effect of cooling, especialy in relation to 


clothing, attention is invited to the accompanying 
paper, ‘General Principles Governing Selection 


of Clothing for Cold Climates,”’ by Paul A. Siple. 


SUMMARY AND CONCLUSION 


The freezing of 250 grams of water in a cylinder 
of pyrolin, suspended freely in variable atmos- 
pheric conditions whose temperature and wind 
velocity were known, was carefully timed in a 
series of 89 experiments. Under the existing 
winter conditions in Antarctica where the experi- 
ments were carried on, outgoing radiation always 
exceeded incoming radiation, and absolute hu- 
midity was so low that cooling by evaporation 
was discarded from the study. 

Dry-shade cooling rates of the atmosphere were 
calculated for each experiment in terms of 
kilogram calories of heat lost in one hour from an 
equivalent exposure of water one meter square. 
For convenience, a formula for computing the 
approximate total cooling rate of the atmosphere 
was adopted. The formula was based on a 
neutral comfortable human skin temperature of 
33° C. (91.4° F.) as the zero point of the scale in 
calm conditions, and assumes an average out- 
going radiation and average convection for 
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further simplification. Although these latter 
factors are, in some cases, responsible for minor 
discrepancies between calculated and true values, 
they will be apparent, in the main, only in very 
low wind velocities for convection and for radia- 
tion when there is reflected light and the temper- 
ature differential is either very narrow or ex- 
tremely wide. Following isthe formula adopted: 


(vv X 100 + 10.45 — v)(33 — T,) = Ko 
Ky = cooling power of the atmosphere in kilo- 
gram calories per hour per square meter. 
v = wind velocity in meters per second. 
T,, = temperature of the air in degrees centi- 
grade. 


The values of atmospheric cooling are found to 
average 25 to 30 per cent less by application of 
our formula than those derived from the kata 
thermometer by Sir Leonard Hill. A closer 
agreement is found between our measurements of 
atmospheric cooling and the Pierce Laboratories 
measurements (by Winslow, Herrington, and 
Gagge) of heat loss from the human body. How- 
ever, during calm conditions our formula may 
show too rapid cooling, whereas, during high 
velocities (over 12 meters per second), the 
extrapolated deductions by the Pierce Labora- 
tories formula may show excessive cooling. 

We believe that our formula is accurate within 
average limits of meteorological data generally 
available and that, by means of simplified tables 
and nomograms provided, it presents an easier 
method for quickly calculating dry-shade atmos- 
pheric cooling values in terms of human comfort. 

The added value of presenting cooling in terms 
of large calories makes it possible to calculate 
directly stress against general metabolic heat 
generation for the human body, clothing insula- 
tion values, housing insulation, fuel consumption, 
etc. 

Comparisons of mean monthly cooling values 
and extremes are shown for 12 weather stations in 
Antarctica. Similar comparisons and iso-cooling 
maps of other continents should prove of con- 
siderable value in studies of geography and 
bioclimatology. 

We have correlated cooling with relative com- 
fort sensations under various climatic conditions, 
and have established lower limits at which 
freezing progresses more rapidly than heat is 
supplied through body tissues, thus causing quick 
freezing of human flesh. 

Although our formula for the cooling of a small 
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body of water may not adequately express cooling 
for the human body as a whole, it does approxi- 
mate the volume of the extremities which actu- 
ally are the most dangerously affected under cold 
weather conditions and which require greater 
protection during short periods than does the 
trunk. 

The authors are indebted to many members of 
West Base who contributed a_ considerable 
amount of time to various phases of the experi- 
mentation, and in particular to Malcolm Douglass 
who recorded most of the experiments. Ap- 
preciation also is extended to the staff of the 
scientific headquarters of the expedition at Miami 
University, and to the university itself, for co- 
operation during the period when these notes 
were being assembled for publication. 

Gratitude is expressed to the United States 
Bureau of Standards and the United States 
Weather Bureau for the loan of their instruments 
which were used in the experiments. Apprecia- 


tion also is expressed to Dr. L. P. Herrington, of 
the John B. Pierce Laboratories, for helpful 
suggestions concerning the physiological aspects 
of cooling. 

Sources of literature of especial benefit to this 
paper and to the subject as a whole, are indicated 
in the appended bibliography. 
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INTRODUCTION 


THE strictly scientific approach to the problem 
of selecting protective cold-climate clothing is 
much newer than the age-old law of self-preser- 
vation which it man first 
wandered poleward, he has sought protection 
from cold by converting into clothing require- 
ments the best materials and means at hand. 
He has utilized animal skins, animal hair, and 
plant fibers until, by trial and error, acceptable 
and conventional clothing has been provided. 
Fortunately, the human is sufficiently 
adaptable to wide variation in climatic condi- 
tions and clothing designs to permit various races 
to create and develop adequate clothing of highly 
diversified materials and design. 

The Eskimos have adopted parkas and pants 
made from skins of Arctic animals; the Mongols 
and Chinese have developed robes and other gar- 
ments of quilted feathers and fibers; the Russians 


represents. Since 


body 


* This report was prepared in 1941 and a limited dis- 
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research 


tribution of it was made in mimeograph form by 
Quartermaster Corps. Considerable additional 
has been done on this subject since that time. 
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have accepted heavy, long coats of wool, while 
western civilization has developed fashionably 
styled, close-fitting garments in a wide variety 
of materials. In America, clothing selection has 
for the most part been an art rather than a 
science, and the general concept of clothing 
selection has been that warmth and weight are 
synonymous. 

Those who have experienced cold have been 
prone to present the uninitiated with individual, 
opinionated ideas on the subject of proper cold- 
climate clothing. In general, successful veterans 
of polar regions and mountaineers (all of whom 
can unquestionably clothe themselves adequately 
in cold weather), violently disagree on the sub- 
ject, offering dogmatic and sometimes unsound 
advice, because they unknowingly are consider- 
ing only a limited portion of the picture. This 
is readily understandable when we consider the 
innumerable variables which are present, any 
one of which is capable of changing the entire 
picture. Therefore, it is desirable to review the 
whole problem, searching for principles, not 
opinions, for facts, not isolated experiences. 

Fundamentally, the science of cold-weather 
clothing selection involves the principles of 
bio-thermodynamics and bio-climatology. The 
human body is a heat-producing machine dissi- 
pating heat at variable rates into an atmosphere 
capable of absorbing heat in several ways and 
at variable rates. Clothing, as a protection 
against cold, is an insulation which, by several 
methods, serves to slow down the rate of heat 
exchange. The purpose of this paper is, there- 
fore, to discuss the problems involved in selection 
of cold-weather clothing on the basis of thermal 
characteristics. 

I. First, it is desirable to review the mecha- 
nism of heat source. To do this, it is necessary 
to examine what is known of the source and 
quantity of heat available in the human body, 
and how the body functions to conserve or hasten 
the flow of heat from the body. 

Il. In view of the fact that the atmosphere 
eventually absorbs the heat released from the 
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body, it is desirable to review also the conditions 
governing the factors that alter the rate of ab- 
sorption. Of these factors, the most important 
for consideration are: conduction, convection, 
radiation, and humidity. 

III. When the rate of absorption of heat into 
the atmosphere is more rapid than heat produc- 
tion in the body and the body can no longer 
conserve against the cooling gradient, protection 
in the form of clothing is needed. Therefore, it 
will be necessary to examine the characteristics 
of textiles and the most desirable means of 
clothing the body to meet a variety of climatic 
conditions. 

IV. Lastly, with these factors in mind, we can 
establish a series of helpful principles for dressing 
and keeping the body and its appendages warm 
in cold climates. These principles are to be 
based on facts without reference to style or pure 
opinion, and actual experiences must prove them 
valid and practical. 

THE 


HUMAN BODY AS A HEAT-PRODUCING 


MACHINE 


THE MAJOR SOURCE OF HEAT PRODUCTION 


Heat is a by-product of all human body activ- 
ity. It is produced by the chemical oxidation of 
fats, proteins, and carbohydrates in the muscles, 
and varies with all states of activity, health, 
emotion, age, bulk, sex, digestion, etc., as well 
as in response to climatic changes. The average 
minimum heat produced by adult males is about 
40 kilogram calories per square meter of body 
surface per hour while in a reclining position 
after a night of sleep and fasting. When the 
body is in a sitting position under normal con- 
ditions of wakeful rest, heat production rises 
to about 50 kilogram calories... This has been 
taken as a working standard for minimum heat 
production and referred to as a “‘met”’ (Gagge, 
Burton, and Bazett, 1941: 428-430). 

For easy visualization it is noted that this 
50 Cals. of heat is about equal to the heat gen- 
erated by a 100-watt electric light bulb. As 
bodily activity increases, heat production also 
increases, and, for all practical purposes, estima- 
tions can be easily made of actual values. The 
following table expresses relative heat produc- 
tion under different degrees of activity (partly 


1 All references in this paper to heat and cooling rates, 
unless otherwise specified, are to kilogram calories per 
square meter per hour and will be written as customary: 
Cal. 


TABLE 1 


RELATIVE HEAT PRODUCTION UNDER DIFFERENT 
DEGREES OF ACTIVITY 


Sleeping 

Sitting at rest 

Standing 

Slow, level walking 

Normal, level walking 

Fast, level walking 

Average maximum sus- 
tained, heavy work 

Short periods of heavy 
activity 


40 Cal./M.2/Hr. 
1.0 met or 50 Cal./M.2/Hr. 
1.5 met or 75 Cal./M.2/Hr. 
2.0 met or 100 Cal./M.2/Hr. 
3.0 met or 150 Cal./M.2/Hr. 
4.0 met or 200 Cal./M.2/Hr. 


.8 met or 


5.0 met or 250 Cal./M.2/Hr. 


10.0 met or 500 Cal./M.2/Hr. 


after Herrington, 1941; and Gagge, Burton, and 
Bazett, 1941). 

According to Fenn (1929), the human body, 
as a machine, is only about 20 to 25 per cent 
efficient; therefore, considerable excess of heat is 
produced in the accomplishment of work. While 
600 Calories of heat output represents approxi- 
mately .94 horsepower of work, the actual exter- 
nal work accomplished, however, would amount 
to only .18 to .19 hp. Also according to Fenn 
(1929), a running sprint may produce a maxi- 
mum total (for a man as a whole, not as reduced 
to a square meter of body surface) of 13 hp. of 
work, which has an efficiency equal to 22.7 per 
cent, or about 2.95 hp. of actual output; or, for 
further example (Gagge, Burton, and Bazett, 
1941), a 160-pound mountain-climber with a 
body surface of 1.9 square meters would accom- 
plish only 0.75 mets (37.5 Calories) while climb- 
ing at the rate of 1,250 feet per hour, though, 
actually, his minimum total metabolism would 
be 4.75 mets (237.5 Calories) and the heat loss 
equal to 4 mets (200 Calories). 

Closely associated with conscious body activ- 
ity are certain subconscious causes for liberation 
of heat within the body. These are, therefore, 
less predictable as to quantity. Unconscious 
tensing of muscles and shivering are forms of 
involuntary muscular exercise which, in mild 
instances, may increase body heat production 
by 20 percent. If circumstances prevent normal 
exercise, and the rate of body cooling exceeds 
the rate of heat produced by chemical metab- 
olism, then violent to total muscular shivering, 
bordering on spasms of body-quaking, sets in at 
periodic intervals. Such shivering will cause 
substantial increase in body heat production, 
amounting to 4 or 5 mets (200 to 250 Calories). 
This means of body protection is, perhaps, the 
most disagreeable and violent involuntary action 
that a normal healthy body is capable of pro- 
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ducing. Fortunately, it is rarely experienced, 
and then only by those who have been exposed 
to potentially lethal conditions. 

Human body temperatures have been reduced 
below 80° F. (rectal) with constant stimuli for 
shivering except when the subject was inhibited 
by drugs. It has been estimated that life may 
still exist in a human being although the inter- 
nal body temperature drops as low as 60° F., 
and that breathing alone assures the existence 
of life, for pulse and blood pressure apparently 
disappear. 

Body activity induced by emotional reaction 
expressly affects the thermal output of the body. 
For example, fear may change the rate of blood 
flow, thereby influencing the production of hor- 
mones; the body may become tense, and, al- 
though motionless, release considerable energy 
and heat which will in turn affect the sweat 
glands. [t-meotion is such a variable factor that 
it is difficult to partition it in its relation to the 
study of clothing. In view of the fact that it is 
generally associated with activity, it must be 
considered as an additive factor closely associ- 
ated with other forms of body activity. It is 
undoubtedly capable of increasing body heat 
output by as much as 200 to 300 Calories and 
even more during extreme instances. 


Fatigue may be considered as an important 


negative factor in heat production. After a con- 
siderable amount of exercise, and particularly 
when there is an excess of heat output not readily 
carried away from the body, chemical waste 
products of oxidation inhibit further oxidation 
in the muscles. The condition thus produced is 
referred to as fatigue or tiredness and is a pre- 
ventive against continuing a high level of exer- 
tion which might prove injurious to health if 
continued over a long period of time. Long 
hours of hard labor, producing sore, aching 
muscles and fatigue, require the exertion of great 
will power for continuation; it is then that 
the foregoing condition may be recognized as 
adhering to the law of diminishing returns. It 
is interesting to note, however, that in cold 
climates, in conditions of excessive’ cooling of 
the body, fatigue develops less quickly than 
when the body is overheated to the point of 
perspiration. 


MINOR CAUSES AFFECTING HEAT PRODUCTION 


For all practical studies of heat production in 
the human body in relation to clothing, the major 
sources mentioned above are the only factors 
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that need special consideration. Owing to the 
complexity of the entire picture, however, it is 
desirable that we here point out minor influences 
which may, in special instances, produce anoma- 
lies of wide divergence. 

The total quantity of heat produced by an 
individual is in proportion to his size. However, 
as the surface of an individual increases with his 
size, a rough ratio of heat per square area of 
surface is used as a means of averaging metabolic 
output of individuals of all sizes and shapes. 
A common unit of measurement, adopted by 
physiologists in this study, is the ratio of heat 
production by the body to a square meter of 
body surface in one hour. Owing to the dis- 
crepancies in surface area between a fat and a 
slim man, certain anomalies are present, in which 
we must expect cooling to be greater for the thin 
person than for the fat one. 

Basal metabolism has a higher value in youth 
than in old age. The capacity for energy ex- 
change and exercise declines in age with a maxi- 
mum in youth; therefore we expect greater heat 
production in children than in older individuals. 
However, the study presented in this paper is 
predicated basically upon clothing requirements 
for adults. 

Sex also affects the heat output, particularly 
at the basal level. For males, the average varia- 
tion from the figures previously given is not 
much more than 3 per cent, but in basal metab- 
olism records of women (Burton, 1939) during 
the monthly cycle, variations amount to 18 to 
20 per cent. Such differences in the case of 
women may, therefore, amount to as much as 
8 or 10 Calories of heat output during a period 
of minimum exercise and, consequently, may 
cause slightly different clothing requirements. 

The ability of the body to carry on metabolic 
processes depends normally upon the state of 
health of the organism as a whole and upon the 
functioning capacity of the organs primarily con- 
cerned in respiration and circulation. Various 
illnesses are sufficient to disrupt the entire sys- 
tem, thereby preventing relief by perspiration 
from a fever affecting the thermal regularity of 
the individual. Many causes, such as infections 
of wounds, venereal and general diseases, boils, 
or old chronic conditions may cause respiratory, 
systemic, or local thermal anomalies. Trauma 
may specifically affect localized areas of the body, 
thereby altering local thermal output and may 
be due to such various conditions as shock or 
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cuts, frostbites, breaks, strains, sprains, immer- 
sion, snow blindness, etc. 

Thermal regulation is influenced by endocrine 
secretions. The efficient functioning of the thy- 
roid, adrenal, and pituitary glands is especially 
important. As has been pointed out in the case 
of emotion, endocrine hormones serve as impor- 
tant catalysts in sudden production of large 
quantities of energy and in consequent heat-pro- 
duction. Recent experiments by Lockhart and 
Frazier at Little America point to the evidence 
that the sugar threshold, i.e., the available sugar 
in the bloodstream ready for immediate energy 
use, is normally at a higher level for individuals 
living under constant cold-climate stimuli than 
for those living in a warmer climate. Such a 
condition makes possible a quicker output of 
energy and heat in cold regions than in warm. 
In the course of experimentation and observation 
at Little America it was interesting to note that 
a diabetic person required considerable insulin 
during periods of inactivity. However, during 


periods of outdoor exercise in the cold, no evi- 
dence of sugar content in the urine was disclosed, 
even though he had consumed more than an 
average amount of sugar. 

The volume of the vascular bed is altered by 


the volume of fluid lost in urine and sweat and 
by the fluid intake. Efficiency of the heart de- 
pends upon the water balance, for the heart loses 
its efficiency as the extra-cellular fluids decrease. 
Thus basic thermal regulation of the body is 
affected. 

Changes in climatic conditions as well as state 
of health often affect the specific food tolerance 
of individuals, causing a change in appetite to 
meet actual body requirements in relation to 
carbohydrates, proteins, and fats. I have wit- 
nessed, personally, a sudden desire for fats after 
a few days’ exposure to extreme cold. At such 
times I could relish large quantities of bacon fat, 
which, under normal conditions, would be most 
unpalatable. 

The quantity, quality, digestibility, and caloric 
content of food are important factors in the 
amount of heat available in the body. There- 
fore, individuals suffering from malnutrition are 
less capable of heavy exertion and heat output 
than those who are amply fed or who are re- 
ceiving sufficient vitamins and body food require- 
ments. The rate of heat production in the basal 
state also depends upon the availability of food. 
It is least when the body is in a state of starva- 
tion and greatest when plenty of available food 
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is in the alimentary canal. This means that 
during the period of digestion the body is pro- 
ducing a greater amount of heat than when the 
individual is hungry. 

If we consider the amount of work in relation 
to food intake for a man doing 4 mets of work, 
we can determine, approximately, his daily nu- 
tritional requirements: body surface 1.9 square 
meters X 200 Calories per square meter per hour 
equals 380 Calories per hour. 


If he works 8 hours @ 380 Calories = 
If he sleeps 8 hours @ 1.9 & 40 Calories = 
If he rests and stands 8 hours @ 1.9 * 60 


Calories = 


3,040 Calories 
608 Calories 


912 Calories 


Total daily work produced or daily usable 


food required 4,560 Calories 


This figure is higher than the usual diet of 
most workers and surpasses the proven Antarctic 
trail diet prescribed for men traveling on long 
ski journeys. 


HOW THE BODY RELEASES OR CONSERVES 
ITS HEAT 

Heat stored in the tissues of the body is the 
most effective means the body has of protecting 
itself against sudden changes incurred by exter- 
nal cooling. Although the body has a potential 
heat reserve equal to its weight in kilograms for 
each degree centigrade difference in air and body 
temperatures, the most important amount of 
storage is that contained in the outer layers 
of tissues 2 or 3 centimeters deep. For ex- 
ample, an average man, weighing 150 pounds or 
70 kilograms, has a potential heat reserve of 
1890 kilogram calories when the air temperature 
stands at 50°F. (10° C.). However, when as 
little as 5 or 10 per cent of this storage has been 
removed from the body, pain sensations begin. 
This is, in effect, the cold warning the body of 
its heat deficiency. The body, taking cognizance 
of the warning, increases its metabolic rate by 
shivering and by so doing restores the lost heat. 

Storage serves the body in two ways in its 
effort to protect the vital organs from extreme 
changes. 

First, it supplies an amount of specific heat 
upon demand by the atmosphere before the body 
itself can increase its metabolism to meet the 
increased requirements. 

Secondly, as the stored heat is removed, the 
temperature of the skin drops, lessening the 
temperature gradient between the atmosphere 
and the body and thereby reducing the atmos- 
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pheric cooling demand. According to Winslow, 
Herrington, and Gagge (1938a), the cooling gra- 
dient extends inward for an average of 2 or 3 
centimeters. With each degree centigrade drop 
in skin temperature, we can, therefore, assume 
that approximately 15 Calories of stored heat 
are removed. As this stored heat is moving out 
of the body parallel to the flow of metabolic 
heat, it is most convenient to consider it as posi- 
tive and negative when the tissues are building 
up a reserve. 

From the foregoing it may be seen that the 
body supplies to the atmosphere a little less than 
one met (50 Calories) of heat each time the skin 
temperature drops three degrees centigrade; and, 
at the same time, the cooling demand will drop 
at the ratio of three times the wind-chill factor 
which, under conditions of a light breeze, would 
mean a reduction in demand of 50 to 75 Calories. 
For individuals who can become accustomed to 
abnormally low skin temperatures, their insula- 
tion may amount to the equivalent of a con- 
siderable layer of clothing. Undoubtedly, the 
aborigines of Tierra del Fuego, those of the colder 
regions of Australia, and even the North Ameri- 
can Indians were able to endure extremely low 


temperatures without clothing, because they 


could and did accustom themselves to extremely 


low skin temperatures. By so doing they were 
able to bring their bodies into thermal equilib- 
rium with the atmosphere with less heat losses 
from their comparatively nude bodies than the 
civilized races accustomed to wearing clothing. 

It is apparent from the above discussion that 
races as well as individuals accustom themselves 
to wide variation of cold sensations; therefore, 
it may be well to examine the nature of the 
sensations themselves.2. The sensation of cold 
depends upon the stimulation of so-called end- 
organs of the nervous system within the skin. 
These cold end-organs are more numerous than 
the heat end-organs, but their spacial summation 
is poorer, and, as a consequence, their threshold 
is five times greater than for the heat end-organs. 
The sensations of cold and heat are related to 
the rate of heat exchange and not to the tem- 
perature of the tissues themselves. This means 
that cold sensations may be felt and shivering 


* The following references to facts of thermal regulation 
of the body have been condensed principally from A. C. 
Burton (1939). Much additional help on this section 
was derived in personal conferences with Doctors L. P. 
Herrington, A. P. Gagge, D. B. Dill, W. Forbes, E. E. 
Lockhart, and D. Coman. 
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may be initiated while the skin temperature is 
still relatively warm. On the other hand, aside 
(perhaps) from a condition of nervous discom- 
fort, the skin temperature may fall to within a 
few degrees of freezing without the sensation of 
actual pain as long as the rate of cooling is not 
over a steep gradient, or as long as activity con- 
tinues to produce sufficient metabolic heat to 
maintain the body in thermal equilibrium. 

The body radiates its heat as an almost per- 
fect black body, and long-wave heat and infra- 
red radiation is absorbed about 100 per cent. 
Sunlight in the short-wave end of the spectrum 
is partly reflected and the body is only affected 
in relation to the actual amount of heat absorbed. 

A rise in skin temperature is detected by as 
little stimulation as 0.003° C., rising at the rate 
of 0.001° C. per second, the rise being produced 
by a radiation intensity of 0.00015 Calories per 
square centimeter per second, which is only about 
one nine-millionth of the normal hourly radiation 
produced by the body. 

Cold sensations are not constant for the same 
subject under repetition of the same temperature 
conditions. This is true because the sensations 
are related to the degree of acclimatization, 
which, in turn, is associated with the rate of 
heat conductivity through the skin. In other 
words, sensation to cold follows the rate of 
body heat loss and not the environmental cooling 
demand. 

Heat and cold sensations reach their plateau 
in from 3 to 20 seconds. However, paradoxi- 
cally, the plateau is reached sooner with mild 
rather than with intense stimulation. Sensa- 
tions are a warning to the consciousness to assist 
the body in avoiding potential harm. However, 
subconscious control generally handles the situa- 
tion unaided. Shivering generally begins when 
skin temperature drops below 86° F. (30° C.). 
If heat loss continues, shivering eventually sets 
in, even though internal body temperature may 
not have dropped more than 0.01° C. 

The flow of heat out of the body must be equal 
to or greater than the basic rate of production, 
as a general rise of body temperature, if not 
checked, will soon become lethal. However, as 
previously mentioned, skin tissues permit storage 
of heat during transit which serves as an effective 
buffer to sudden upward changes in heat produc- 
tion as well as to sudden drainage of heat. 

The body functions best at a uniform tem- 
perature which it attempts constantly to main- 
tain. This temperature varies slightly from 
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person to person and in the same individual at 
different periods of the day. The optimum in- 
ternal body temperature is generally considered 
to be 36.9° C. (98.4° F.). However, the highest 
degree to which skin temperature rises before 
conduction becomes negligible and before per- 
spiration, as a means of body cooling by evapo- 
ration, begins, is about 34.5° C. (94.1° F.). This 
will usually happen for a person at rest when air 
temperature rises to about 30.6° C. (87° F.). 

The human body, like a mechanical engine, 
appears to function best when running ‘“‘cool”’ 
rather than “hot.’’ This is evidenced by the 
fact that in warm climates vital energy is less 
than in cool and temperate climates. Heavy 
exercise produces increased quantities of heat, 
and, if the thermal gradient is not sufficiently 
rapid to carry away the accumulated heat, fa- 
tigue soon sets in as a ‘‘governor’’ to prevent the 
body from becoming seriously overheated and 
thereby destroying itself. On the other hand, 
in cool climates heat production is accompanied 
by less fatigue and discomfort. The body, con- 
sequently, appears to operate with greater eff- 
ciency when heat, caused by higher metabolism, 
is more readily conducted from the body. 

The effect of atmospheric cooling upon the 
human race is well demonstrated by the poleward 
movement of civilization and the resultant in- 
crease in culture and domination of ethnological 
groups. The rise is brought to a sudden climax, 
however, when the climate affects the food pro- 
duction (growing season) and when relief and 
protection from cold is sought by a type of 
hibernation in which people create, by means of 
heavy clothing and heated shelters, artificial 
climates comparable to tropical conditions which, 
in turn, cause enervation. 

Hairless man is by nature a tropical animal, 
but by means of clothing and shelter he has been 
able to move more efficiently into the temperate 
zones, and can exist even in polar regions. How- 
ever, the protection afforded by clothing is only 
a secondary means of helping the body adjust 
itself to cooler environments, the primary means 
being within the body itself. The body and 
skin are furnished with controls similar in func- 
tion to thermocouples, constantly regulating 
body temperature. The most active means of 
ridding the body of heat is through increased 
respiration and increased blood volume, viscos- 
ity, and circulation in the skin and appendages. 
The conservation of heat flow is regulated by 
vasoconstriction in the dermal tissues, shunting 
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and reduction of blood volume, and possibly by 
thickening of the blood. Vasoconstriction is an 
activity of the small capillaries in the skin which 
constrict or completely close, thereby forcing the 
blood inward. When the body is excessively 
warm, the blood system serves in somewhat the 
same manner as a honeycomb radiator serves to 
cool an automobile engine. However, when 
cooling becomes too rapid, the body, in an effort 
to preserve uniform temperatures for the vital 
organs, cuts off the cooling mechanism. 

The conservation of heat, aside from storage, 
is of two distinct types. First, the cooling sys- 
tem is effectively reduced by shunting the blood 
supply, for no longer is the internal heat being 
transported from its source in the form of liquid 
conduction. Secondly, tissues themselves dehy- 
drated by the exodus of blood become a poorer 
conductor of heat in a ratio of approximately 
1 to 4. The appendages, because of their loca- 
tion, serve as effective parts of the body’s cooling 
system. The feet and hands are more active in 
this respect than the arms and legs, and the toes 
and fingers are most active of all. (Burton re- 
ports the astounding variation to be on the order 
of 80 to 1 in the rate of blood flow in the fingers, 
between blood congestion while the body is per- 


spiring and when the blood supply is reduced by 
vasoconstriction. ) 

Although the body effectively establishes self- 
preservation of its most vital parts in its manner 
of heat preservation, the appendages are, in a 
sense, sacrificed, for aside from the heat manu- 
factured in their tissues, little heat is supplied 


from the production centers. In moderately low 
temperatures, no danger is experienced although 
there is discomfort, but in frigid climates the 
appendages need special attention to prevent 
serious freezing. 

Thus we see that the body reacts as an army, 
which, upon being severely taxed, gives up its 
front line of defense and retreats to a position 
where it may guard the more vital areas with 
concentrated forces. 

It has been proved that when the body is 
subjected to a cool environment the torso can 
adjust itself to the new temperature within a few 
minutes (Winslow, Gagge, and Herrington, 1939: 
505-518). The head is slower to effect adjust- 
ment; however, upper extremities, and more 
especially the lower extremities, continue to lose 
heat steadily and are unable to make read- 
justments. The body establishes thermal equi- 
librium through increased metabolism brought 
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about by chemical control, shivering, involuntary 
exercise, or by skin contraction evidenced by 
“goose pimples.”’ 

For the unclothed body at rest, a feeling of 
pleasantness is experienced at skin temperatures 
between 88° F. (31.1° C.) and 92° F. (33.3° C.) 
the warmer areas being 2° F. higher than this 
figure and the cooler extremities being 3° F. 
lower. Ideal clothing should tend, therefore, to 
maintain the same relationship for a given en- 
vironmental cooling demand and a given amount 
of work. However, acclimatization causes an 
individual to accept lower skin temperatures 
as pleasant. This also happens during various 
degrees of activity requiring a steep thermal 
gradient through the skin. 

The dry cooling power of the atmosphere, 
described in an accompanying paper (Siple and 
Passel, 1945), is based on an upper value of 
33° C. For temperatures below that figure, the 
resultant combinations of temperature gradient 
and wind tend to lower this neutral body tem- 
perature, thereby removing stored heat from the 
body, whereas warming conditions will cause 
fever or perspiration, requiring evaporation to 
carry off the excess body heat. 

Perspiration is one of the vital safety factors 
in preventing overheating. In cold climates, 


however, where clothing is required for protec- 
tion, perspiration is a decided hindrance, since 
moist clothing will later cool the body faster by 


conduction. ‘Therefore, in dressing for cold cli- 
mates it is as important to eliminate excessive 
moisture as it is to protect for warmth, and 
precautions should be taken to avoid overdress- 
ing. Nevertheless, there is always some degree 
of insensible perspiration present, the evapora- 
tion of which accounts for a considerable loss of 
heat from the skin surface into air and clothing. 
This loss has been measured at the Pierce Lab- 
oratories and is considered to amount to about 
10 Calories per square meter of body surface per 
hour. This rate, of course, increases rapidly 
with the advance of visible perspiration. 
Respiration is another means of heat loss and 
one which increases with activity, owing to 
deeper and more rapid breathing, and one which 
becomes a major avenue of heat loss in extreme 
cold climates. For example, in the tropics the 
heat loss through respiration may be as little as 
54 Calories per day, whereas in polar regions 
where there is a temperature difference of 35° C. 
between the body and the air, the equivalent 
heat loss would amount to 270 Calories. At 
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extremely low temperatures the air is excessively 
dry, therefore it must be raised to body tempera- 
ture and saturated in the lungs with a consequent 
heat loss of 16 or more Calories per hour. This 
is based on a normal rate of respiration. 

Another major variation which governs the 
rate of heat loss is the amount of body surface 
exposed. This is in relation not only to the 
proportion of clothing worn, but concerns the 
actual position and attitude of the body as well. 
For example, if the legs are held close together, 
heat loss is reduced to a minimum on the surfaces 
which are touching; a body lying on a bed or 
standing before a fire is retaining or gaining heat 
on one side more effectively than on the other. 

The pressure of body weights in different atti- 
tudes affects the muscle tone and ability of the 
blood to force its way through capillaries and 
extremities. Owing to changes in hydrostatic 
pressure, a standing man will, therefore, have 
better blood circulation in his feet than one who 
is in a sitting position. In extremely low tem- 
peratures it is common to observe that one’s feet 
become painfully cold within a few minutes after 
entering a heated room and sitting down, whereas 
they may not have been too uncomfortable while 
outdoors previously in a temperature of 40° 
below zero. This phenomenon is due to the 
reduced circulation and to a reduction of the 
remaining stored heat in the feet by the cold 
footgear which has not been removed. 

The physical condition of the skin tends to 
alter the rate at which heat may be lost. For 
example, fat stored in skin tissue inhibits the loss 
of heat by conduction, and, consequently, causes 
variations between individuals. This, however, 
is slight because the fat storage is usually in the 
wrong places for best protection and seldom on 
the extremities where it is most seriously needed. 

Changes in the liquid content of the skin affect 
the heat loss, as the skin loses heat most rapidly 
while in the state of greatest hydration. This is 
evidenced by swelling hands and feet. Under 
cold conditions the body attempts to dehydrate 
its dermal tissues in order to reduce the actual 
skin conduction although the skin continues to 
act as an almost perfect black body—a radiator 
of heat and a receptor of long heat waves. Its 
color and texture are important variables in 
the reception of short-wave radiation, reflection 
amounting to a difference of 16 to 45 per cent 
between Negroes and persons possessing fine, 
white skin. 

When the body or parts thereof are suddenly 
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exposed to sharply cold temperature gradients, 
the blood supply of the external skin is rapidly 
cut down while blood pressure increases abruptly. 
In order to adjust itself to the increased pressure, 
blood depots or pockets dilate. In addition, the 
large visceral blood vessels (to some extent) ex- 
pand, gradually effecting a decrease in pressure 
while the pulse rate slows down, thereby re- 
ducing the strain on the heart.* For persons 
suffering from angina pectoris or other cardiac 
ailments, this increase in blood pressure and 
nervous constriction of blood vessels may shut 
off the blood supply to the heart, causing dis- 
tress, shock, or even death. This is probably 
the most common cause of death due to cold 
exposure, but erroneously attributed to freezing. 
It may readily be inferred from the foregoing 
that those suffering heart ailments should avoid 
sudden changes in temperature gradients; such 
persons would perhaps survive longest in a uni- 
form climatic environment (all other conditions 
being equal). 

The abnormal distention of the blood depots 
and vessels in sudden temperature changes neces- 
sitates readjustment in the form of reduction in 
blood volume. The rate at which this reduction 
can be made, after an abrupt change in climatic 
conditions from warm to cold, has been esti- 
mated by Sunderman, Scott, and Bazett (1938) 
(though questioned by some observers) to be as 
much as 7 per cent per day for the first four or 
five days. The quantity of reduction between 
summer and winter conditions amounts to about 
1 liter, ranging from 15 to 40 per cent less in 
winter. 

The process of blood redistribution is the prin- 
cipal physical adjustment of acclimatization. 
An unacclimatized person exposed to cold has 
imperfect peripheral vascular constriction, al- 
though the blood flow may continue to some 
extent in the periphery of the skin. The body 
would, therefore, cool more rapidly under such 
circumstances, or at least would create a greater 
pain sensation to cold stimuli. However, the 
extremities of the body are, of necessity, supplied 
with greater quantities of heat. Paradoxically, 
acclimatized persons can stand the pain of cold 
more readily, can dress with less body clothing, 
and can, therefore, move with greater efficiency. 
However, when a drop in metabolic heat produc- 
tion occurs, they will apparently suffer cold 


’ According to Fay (1940) prolonged cold causes the 
pulse and blood pressure practically to disappear when 
body rectal temperature drops 10° F. 
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hands and feet more quickly than the unacclima- 
tized person. They may even experience greater 
difficulty in warming their sleeping bags, since 
they have a deficit of stored heat and since their 
blood circulation is not conducting sufficient heat 
to their extremities. The unacclimatized man, 
when exposed to conditions potentially lethal, 
will perish sooner, for that same flow of heat 
from his body which is temporarily warming his 
extremities in the beginning, is, at the same time, 
sapping vital heat from his body. 

The human body appears able to meet pro- 
tracted changes in climatic conditions by accli- 
matization. If the change is sudden, the body 
makes quick adjustment, but if the stimulus is 
protracted, then the process of acclimatization 
will likewise spread over a period of several days, 
thus relieving the excessive strain placed upon 
the organs which are operating to protect the 
body during such emergencies. 

According to Lockhart (Little America, 1940), 
continued exposure in cold climates brings about 
basic changes in which the average rectal tem- 
perature drops two or more degrees, and basal 
metabolism drops 10 to 15 per cent below normal. 
Thus we see that the body apparently has a 
dormant tendency towards hibernation and can 


exist under lowered body temperature with a 


minimum of food intake. But man, not being 
by nature a hibernating animal, seeks to main- 
tain his faculties and vigor in cold weather. To 
do so, he must keep about him artificial aids to 
maintain pleasant living temperature by means 
of proper shelter and clothing. Our problem is 
to study the amount of protection he must have 
to keep himself in dynamic equilibrium with 
his environment under its constantly changing 
conditions. 

One important effect of acclimatization seems 
to be a tolerance toward accepting a new stand- 
ard of comfort sensations. It is a common ex- 
perience of polar explorers to meet the colder 
weather of approaching fall with constant dread 
of the cold although, actually, the pain sensa- 
tions do not appear much more intense. In the 
spring, on the other hand, mild rises in tempera- 
ture bring about a feeling of comfort although 
temperatures still may be abnormally low. Zero 
is considered comfortable weather by men who 
have recently experienced average temperatures 
of 40° below zero. The Greenland Eskimo, for 
instance, is reported to complain that it is too 
hot for work when air temperature rises to 60° F. 
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In addition to a conscious psychological level 
of comfort, there appears to be a subconscious 
level which affects men while sleeping. This 
variable is especially apparent in cold weather. 
Some men sleep best when their skin temperature 
drops to a level where vasoconstriction is at its 
maximum, while others sleep best when their 
skin is filled with stored heat just short of the 
point of perspiration. This fact should, there- 
fore, be borne in mind when we study the subject 
of bed clothing in order that the wide differences 
in human demand may be recognized. 

Assuming that we may safely predict the 
amount of heat produced by an average, healthy, 
adult male under various degrees of activity 
without emotional stress, we now turn to the 
question of how the heat is dissipated into the 
atmosphere. The rate of cooling of the body 
must be determined quantitatively in order that 
a value of insulation may be placed upon the 
amount of clothing needed to keep it in thermal 
equilibrium. 


THE COOLING DEMAND OF THE ATMOSPHERE 


We that when skin temperature 
rises above the optimum neutral point at approx- 
imately 33° C. (91.4° F.), increased heat storage 
activates sweating which requires specialized 
cooling by vaporization. Benedict and others 
have shown that in a state of rest about 24 per 
cent of heat loss is due to vaporization of insen- 
sible perspiration and the humidification of air 
by the lungs. In studies of clothing needs for 
regions of cold climate, however, we recognize 
that for all practical purposes it is possible, and 
even desirable, to eliminate unnecessary cooling 
by vaporization. Undue perspiration must be 
avoided as it can serve but little purpose. On 
the contrary, it will cause clothing to become 
damp and to continue the cooling effect long after 
the cause for it is past. Unavoidable vaporiza- 
tion losses may account for as much as 12 to 25 
Calories of total cooling per hour; beyond this 
all external means of cooling may be considered 
to be due to dry cooling, including radiation, 
convection, and conduction. 

Although it has been customary to express 
cooling in terms of temperature only, everyone 
recognizes the cooling effect of wind, the warm- 
ing effect of solar radiation, and the depressing 
effect of warm humid days. It is possible to 
express all of the cooling or warming effects of 
these elements in terms of time. For conven- 
ience of expression, the unit selected for this 


have seen 


PAUL A. SIPLE 


discussion is kilogram calories per square meter 
per hour. 

Because we are primarily interested in the 
climatic cooling stress on the body for conditions 
of optimum comfort, the logical basis for a cool- 
ing scale should begin with a zero point of 33° C. 
(91.4° F.), as previously described, when the skin 
is in comfortable thermal equilibrium. On the 
basis of a detailed study reported in an accom- 
panying paper, ‘““Measurement of Dry Atmos- 
pheric Cooling in Subfreezing Temperatures,”’ 
by Siple and Passel (1945), convenient formulae 
and tables are provided to estimate the total 
cooling atmosphere based on measurements of 
cooling time of a cylinder of water during its 
period of freezing. 

Under conditions of still air it was found that 
the minimum rate of heat loss by a small body 
(equal in volume to the exposed portions of the 
face or the extremities) varied between 7 and 10 
Calories per square meter of exposed surface per 
hour and per degree centigrade. The variation 
was due to local convection currents intensified 
by steep thermal gradients. The presence of 
moving air caused a sharp rise in cooling rate, 
reaching an average value of 23.15 Calories when 
the wind velocity rose to 5 miles per hour (ap- 
proximately 2.25 meters per second). The rate 
of increase became less as the wind attained a 
velocity of approximately 15.9 miles per hour 
(7.1 meters per second), at which point cooling 
reaches 30 Cal./M.?/Hr./° C. For all practical 
purposes the maximum cooling due to increases 
in wind may be considered only slightly to exceed 
35 Calories at velocities above 45 miles per hour 
(20 meters per second). 

The formula adopted to approximate most 
closely the measured cooling rate was: 


(vv X 100 + 10.45 — v)(33 — T,) = K. 


= total dry-shade cooling in kilogram cal- 
ories per square meter per hour 

= wind velocity in meters per second 

= temperature of the air in degrees centi- 
grade. 


Before we are contented with the use of the 
above formula or the simplified nomograms and 
table provided, it is desirable to recognize that 
cooling composed of numerous variable factors 
may deviate widely from the average. 

The formula is based upon outgoing radiation. 
However, under conditions of daylight, consider- 
able heat may be absorbed by the body. White 
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Fic. 1. Nomogram of dry-shade atmospheric cooling. 
hour for various temperatures and wind velocities. 
perature of 33°C. (91.4° F.). 
is removed by vaporization. 
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Cooling is expressed in kilogram calories per square meter per 
The cooling rate is based upon a body at a neutral skin tem- 
When dry cooling rate is less than the rate of body heat production, excess heat 

Under conditions of bright sunshine cooling is reduced by about 200 Calories. Ex- 


pressions of relative comfort are based upon an individual in a state of inactivity. 


skin or light-colored clothing will reflect as much 
as 45 to 70 per cent of direct solar radiation. 
Clouds reduce the heating efficiency of the sun’s 
rays, but a snow field may diffuse or intensify it. 
By observation, it has been found that the aver- 
age warming effect of bright sunlight is equal to 
about 200 Calories per square meter per hour, 
dropping to half that value under conditions of 
thin clouds. Therefore, when calculating cool- 
ing, the estimated amount of solar radiation 
should be subtracted from the dry-shade cooling 
value derived from the formula. 

As has been previously stated, the body radi- 
ates heat approximately after the laws of a black 
body. Radiation formulae such as those devised 
at the Pierce Laboratories may, therefore, be 
employed. In practice, however, it is found that 
radiation heat loss from the body at rest is 
roughly equal to about 35 per cent or between 
3 or 4 Calories per square meter per hour per 
degree centigrade. The color or texture of cloth- 
ing may alter the values considerably, although, 
in general, the heat radiated into them by the 
body will be, in turn, radiated into the atmos- 
phere at about the same rate. 


The thermal gradient between the body and 
the atmosphere represents a more or less straight- 
line function; i.e., cooling increasing with steep- 


ness of gradient. In the formula presented, 
combined cooling by conduction through the 
atmosphere and outgoing radiation is taken to 
be 10.45 Calories per square meter per hour per 
degree centigrade, open atmosphere and slight 
movement by the individual being assumed. If 
we assume confinement and no movement, the 
value might actually be cut in half. However, 
this is usually an impracticable situation, and 
even as the temperature gradient steepens, local 
convection currents begin to rise more rapidly 
from the warm body, hastening the rate of 
cooling. 

There are two natural boundaries which limit 
the extreme rate at which the body can be 
cooled. The first is when cooling exceeds 1200 
Calories, causing human flesh to freeze upon 
exposure. When the cooling rate is increased 
to 2000 Calories, the exposed face of an average 
individual will begin to freeze within 1 minute. 
The second boundary is when the air tempera- 
ture drops to between — 50° and —60° F. Then 
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exercise no greater than fast walking, creating 
deep breathing, may hemorrhage in the 
bronchial tubes, owing to the frosting of delicate 
This latter case probably represents a 
cooling in the bronchial tubes of 1000 to 1500 
Calories, similar to the rate of cooling necessary 
to freeze flesh. 

The density of air is also a factor to be con- 
sidered as a variable in the cooling process. 
Dense and moisture-laden air reduces radiation 
by conducting heat more readily, whereas rarified 
air allows more rapid radiation, either incoming 
or outgoing. For normal air pressures Winkle- 
man gives a value of about 2 kilogram calories 
per square meter per degree centigrade for an 
average thickness of 1 centimeter. It is difficult 
to separate conduction losses from radiation 
losses through air, and the formulae provided 
make no effort to do so. Dead air may be con- 
sidered a fair non-conductor, but it is so easily 
set in motion by convection currents that, unless 
it is confined in very small spaces, it becomes an 
effective cooling agent. 

Altitude is another climatic factor which affects 
the body’s ability to react normally. Variation 


cause 


tissues. 


Summary of dry-shade cooling rates of the 
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APPROXIMATE DRY COOLING VALUES IN KILOGRAM CALORIES PER [°C.OR 0.56°F. (PER SQUARE 
METER OF BODY SURFACE IN SHADE). 
OF 0.0 aT 33°C, OR 914°F, AT NEUTRAL SKIN TEMPERATURE JUST BELOW SWEATING POINT. 


NOTE: TOTAL COOLING BEGINS DOWNWARD FROM A VALUE 








atmosphere at different wind velocities out of doors. 


in altitude affects air pressure, availability of 
oxygen, and the thermal gradient. The limit 
to which altitude permits body functioning with- 
out demanding extra oxygen is about 18,000 feet. 

The body in its metabolic processes is affected 
by variations in the amounts of carbon dioxide 
in the air and may induce such changes in ac- 
tivity as. increased respiration and circulatory 
stimulation. 

In conclusion, the atmosphere causes cooling 
ranging between 10 and 35 Calories, that is, 
varying from 1 in still air to 35 times that rate 
in high wind velocities. As the body, itself, 
would form a hindrance to high velocities, it is 
not likely that cooling due to wind exceeds 3 
times that of cooling in relatively still air. In 
this respect, it is interesting to note that the 
ratio is approximately equal to the difference in 
conductivity through the skin, ranging from 
minimum vasoconstriction and the maximum 
vasodilation. In other words, when the body is 
overheated, it is capable of conducting heat to 
the surface of the skin as rapidly as the combined 
cooling powers are capable of taking it away. 
Under conditions of vasoconstriction, the rate at 
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which heat is released through the skin is re- 
duced to approximately the same rate at which 
the air is capable of taking it out when there is 
no wind present. 

It is possible to construct mean cooling maps 
on the basis of average monthly temperatures 
and wind velocities which will give a fair concept 
of the rate of cooling for various regions. These 
maps will constitute a new expression of climate 
data which can be used directly to determine the 
probable degree of stress that a given region 
would place upon the naked human body. By 
utilizing such figures and estimating the degree 
of activity of the human being, it should now 
appear possible to estimate accurately the cloth- 
ing requirements for an individual. 


CLOTHING AS AN INSULATOR OF BODY HEAT 


In the foregoing portions of this paper it has 
been observed that we are able to estimate with 
fair accuracy (although cognizant of several vari- 
ables which are capable of interfering with our 
premise) the amount of body heat which is pro- 
duced with a given amount of activity. At the 
same time we can estimate the amount of heat 
which the atmosphere would extract from the 
surface of the naked body were it available. 
Clothing, which we now turn to for examination 
of its characteristics in regard to our problem, 
clearly lies between these two factors. 

However, before discussing clothing as a whole, 
it may be well to review textiles in relation to the 
thermodynamic factors which we have consid- 
ered in previous chapters. 

Thermal Transmission through Textiles.—Tex- 
tiles selected for clothing must be capable of 
transmitting sufficient body heat to maintain 
comfortable thermal equilibrium for the body 
with the environment. Fabrics vary in density 
and thickness according to the type of material 
with each variation affecting the rate of thermal 
conductivity. In other words, thin material will 
transmit heat more rapidly than will thick mate- 
rial. Dense material will transmit heat more 
rapidly than a loosely woven fabric of the same 
material providing there is no air movement 
through it. The differences in animal and vege- 
table fibers cause a tremendous variation in rate 
of conductivity. Eider down appears to have a 
thermal conductivity less than that of air itself 
and usually is regarded as the warmest of all 
clothing material. Wool and similar animal hairs 
are more abundant and suitable for cloth manu- 
facture, and have proved to be far better for 
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cold-weather clothing requirements than have 
plant fibers. Wool, equal to the density of 
mediumweight felt, will transmit about 3 kilo- 
gram calories of heat through a square meter of 
fabric 1 centimeter think in 1 hour per degree 
centigrade difference in temperature. Cotton, 
of equal density and thickness, would transmit 
3.7 kilogram calories, and linen, an even more 
rapid conductor, has a rate equal to 9 Calories. 

In the study of thermal conductivity it usually 
is not practicable to calculate textiles back to a 
unit thickness of 1 centimeter. It is, therefore, 
more desirable to make the measurement of heat 
transmission for the actual thickness of the cloth 
itself. In order to reduce confusion, this is 
usually referred to as the thermal conductance 
of the fabrics. We may, then, measure the vari- 
ability of the thermal conductance of fabrics as a 
reliable means for comparison. 

It should be clear that, although we may know 
the conductance value of a certain piece of cloth, 
after it has been made up into a garment con- 
sisting of numerous layers and in various styles 
and shapes, the thermal conductance may vary 
considerably from the combined values of the 
original individual pieces of cloth. Therefore, 
for clothing studies it is desirable to obtain actual 
figures for the over-all garment conductance. 
These can be best obtained by controlled tests in 
physiological laboratories or by formula. One 
difficulty in working with conductance values is 
that they are not additive; i.e., the conductance 
values of two layers of cloth cannot be added 
together to give the combined conductance, be- 
cause, with the additional thickness, thermal 
conductivity is reduced. In order to simplify 


this, the term ‘‘insulation values’’ is intro- 


H 
duced to express the reciprocals of conductivity. 
These reciprocals, when added together, produce 
the total conductance figure. 

In lieu of a means of actual tests at hand, 
numerous formulae have been devised whereby 
it is possible to calculate the value to within 
practical limits. One such formula, devised at 
the University of Leeds Textile Laboratory, has 
been found quite satisfactory. It is as follows: 


1 _ 16 + (801 — 6314)d 
HH 15 


thermal conductivity in gram calories per 
square centimeter per degree per second 

= density in grams per cubic centimeter 

= thickness in centimeters. 
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The original formula has been slightly altered 
to give reciprocal values directly instead of con- 
ductance values. 

There is still another way of expressing the 
insulation values of textiles—in terms of resist- 
ance to the flow of heat. Later in this section, 
a practical formula will be given, utilizing values 
which we have derived from studies of atmos- 
pheric cooling and body heat production to cal- 
culate garment resistance. 

The Importance of Air Permeability —The re- 
lation of air permeability to thermal conductance 
has to date been inadequately studied. Although 
a fabric may be warmer when it is least dense, 
it is usually more permeable to air, with any 
slight air movement carrying away the dead air 
insulation within the fabric and steepening the 
temperature gradient. As insulation against 
moving air, it is desirable to construct a wind 
baffle which can effectively reduce heat loss from 
the body by as much as 50 to 75 per cent under 
conditions of strong winds. At present the most 
suitable materials for windbreakers are tightly 
woven poplins and twills made from long-staple 
cotton. 

An ideal fabric for a windbreaker is one with 
sufficient density to permit only a minimum of 
air to pass through it, but at the same time being 


not absolutely airtight as it must be able to 
transmit to the atmosphere the vapor of insen- 


sible perspiration. The cloth should be as thin 
as maximum strength will permit, in order that a 
satisfactory combination of durability and light- 
ness of weight may be assured. Such cloth, of 
necessity, has a high rate of thermal conductance 
and, therefore, should not be considered as being 
of practical value in keeping the body warm; its 
value is entirely in its ability to prevent the 
large mass movement of air. 

If the windproof cloth is of sufficiently high 
grade to prevent air movement, there is no 
possible advantage in using two layers of the 
cloth in the manufacture of a windproof garment. 
The use of two layers is not only without advan- 
tage but actually reduces the efficiency of the 
garment because of added weight and lack of 
insulation value. 

The Relation of Moisture to Clothing Insula- 
tion.—Various fabrics differ considerably in their 
respective ability to absorb or transmit moisture. 
We are aware that the human body produces at 
all times insensible perspiration which must be 
carried away. Nelbach and Herrington (1942) 
have proved that garments may actually produce 
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heat within themselves. A dry garment, before 
it comes into hygroscopic equilibrium with the 
body and the atmosphere, will absorb insensible 
perspiration from the body to the extent of 
canceling the 10 per cent of heat loss generally 
regarded as a constant due to insensible perspi- 
ration. At the same time, garments having a 
lower related humidity than the atmosphere will 
attempt to absorb moisture from the atmosphere, 
thereby increasing their temperature owing to 
heat released by condensation. Nelbach and 
Herrington have further pointed out that a gar- 
ment tends to absorb most of the moisture within 
the first one or two hours if the moisture is 
available. Therefore, we must recognize that 
garments, and particularly those made of wool, 
not only serve as insulators, but actually are 
minor producers of heat. This heat may amount 
to as much as 10 degrees when the relative humid- 
ity rises to 50 per cent above that of the garment; 
the garment itself will become heavier owing to 
the added moisture. This warming ceases, of 
course, as soon as the garment comes into equi- 
librium with the body and the environment. 
Storage of Heat in Garments.—Having consid- 
ered heat storage within the body, we must also 
consider heat storage within the garment. This 
factor varies in accordance with the bulk and 
density of the cloth, and its consideration is of 
especial importance in the case of sleeping-bags 
where so little heat is available for transmission 
into the atmosphere. It may actually be a 
matter of hours before a sleeping-bag is suffi- 
ciently filled with heat to begin losing it in 
appreciable quantities into the atmosphere. The 
thicker the garment, the wider will be the tem- 
perature gradient between the atmosphere and 
the individual, thus making available a larger 
heat storage space. This factor is of great im- 
portance in the consideration and selection of 
footgear, since it is a fact that the lower extremi- 
ties continue to lose their stored heat to within 
a few degrees of the atmosphere and, as a con- 
sequence, have only a small amount of heat 
available for dissipation. Polar footgear must 
therefore, of necessity, be extra large in an effort 
to broaden the thermal gradient about the feet. 
Bulkiness in cold-climate sleeping-bags is ex- 
tremely important. When a man enters a 
sleeping-bag, it may take considerable time be- 
fore the atmosphere begins to receive heat on 
the outside of the bag. Storage of heat and 
broadening of the temperature gradient must 
continue slowly over a considerable period in 
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order to obtain maximum comfort. Heat loss 
from the outside of the bag must not be greater 
than a total of about 60 Calories per hour over 
the whole surface of the bag. Generally the loss 
will be much less and ventilation will be required 
on nights which are warmer than the minimum 
conditions for which the bag is constructed. 

Heat loss is greatest where body weight or 
pressure is greatest, for there the temperature 
gradient is sharpest, owing to compression of the 
insulating materials. More care, therefore, must 
be given to reduce heat loss under a person’s 
body than above it, despite the effect of convec- 
tion; a mattress must not only make a bed more 
soft and comfortable, but it is an important 
insulator as well. 

Garments Lose Efficiency Owing to Weight and 
Wearing.—Heavy garments not only submit the 
wearer to the added burden of carrying them, 
but, by the same token, reduce his efficiency, 
consequently affecting the heat output. The 
weight of garments does not in itself imply 
warmth. As has been pointed out, insulation 
value is gained by bulk and lower densities only 
when air movement is controlled. 

Garments vary in their efficiency as they age. 
As they become thinner, the density varies owing 
4 This is the approximate hourly heat production of a 
man as a whole during sleep, minus respiration loss and 
cooling about the exposed face. 
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to thermal efficiency. The state of cleanliness 
of a garment may also alter its efficiency, since 
garments charged with dirt, grease, and mineral 
salts from perspiration, etc., will conduct heat 
more rapidly, thereby affording less protection 
against the cold. This statement need not be 
true in the case of protection against the wind, 
since a dirty woolen garment may appear warmer 
at times than a clean one, but only under condi- 
tions of still air. 

From a study of table 2, numerous interesting 
and valuable comparisons can be drawn. For 
example, although the blanket (item 5) is about 
30 per cent lighter than the overcoating (item 6), 
it nevertheless has an insulation value 1.4 times 
that of the overcoating. However, the pro- 
tection in moving air is almost negligible, it 
being four times more permeable to air than the 
overcoating. 

If, on the other hand, we combine the poplin 
(item 1) as a shell over the blanket (item 5), the 
combined weight now rises to that of the over- 
coat, but its insulation value in still air becomes 
double that of the overcoat, and in moving air 
it has an increased resistance nearly 3.75 times 
as great as the overcoating. Thus we can see 
that by careful selection of materials, and com- 
binations of materials, the insulation value of 
clothing can be remarkably increased without 
adding weight. However, in doing so, two fac- 


TABLE 2 


STATISTICAL FIGURES APPLICABLE TO A VARIETY OF SAMPLE FABRICS COMMONLY USED IN THE MANUFACTURE 
OF COLD-WEATHER CLOTHING * 


Name of fabric of 
materials 


. Poplin, cotton, wind resistant Cotton 
. Cloth, cotton, khaki, 8.2 oz. 
twill Zelan 


. Flannel shirting 10} oz. 


Cotton 
80% wool 
20% cot. 

64s 

56 to 60s 
55% 44s 
10% 58s 
35% R. W. 
50% wool 
50% cot. 
85% wool 
15% cot. 


4. Cloth, serge, 18 oz. 
. Blanket, 3? Ib. 


. Overcoating, Melton, 32 oz. 


. Underwear fabric 
light wool 

. Underwear fabric 
heavy wool 

. Shearling 

. Alpaca pile 








| 56 picks per in. 


Weight, 


oz. per 
sq. yd. 


1/H = insu- 
lation 
value 


thermal 

conduct. 
Cal./M.2/Hr. 

per cent 


Thickness 
bility 


0160 | 97 88.2 043 


.0210 45 .0139 
.0312 
.0383 41.7 
.1376 6.8 
.1068 


.0262 
.0265 
.1060 
.0772 


.0660 .0462 





.0950 14.4 .0694 
375 3.1 327 
375 3.6 -286 











* Data obtained through courtesy of the Philadelphia Quartermaster Depot, U. S. Army, except for the conduction 
and insulation figures, which were calculated by the Leeds formula (Siple, 1941a). 
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tors are, in a sense, sacrificed—lightweight gar- 
ments with high insulation value are almost 
always more bulky and usually are less durable. 
Furthermore, bulky garments permit greater 
garment storage of heat, thereby broadening the 
zone of steep temperature in very cold climates. 
Resistance to wear is increased by the use outside 
of tough cotton fabrics which serve to protect 
the loose wools. 

PRACTICAL FORMULAE 
CLOTHING 


FOR COMPUTATION OF 
INSULATION 


Where laboratory facilities for testing are im- 
possible, reasonably good insulation values may 
be estimated by formula. From our previous 
discussions, we are able to express total heat 
available in the body by the following summary: 


M+S-—-E+R 


metabolic heat output. 
positive storage; i.e., heat which is removed 
from the outer tissue and which can be 
calculated by the formula S = 15(33 — T,). 
evaporation losses generally equal to ap- 
proximately 24 per cent of the heat loss 
from insensible perspiration and from res- 
piration when the body is at rest. 
solar radiation which approximates 200 
Calories in bright sunshine, 100 Calories 
in light cloud, and 0 Calories under con- 
ditions of shade or thick cloud. 
If we wish to estimate skin temperature (7°) 
and know the storage (S), it may be calculated 
by the following formula: 


a S 

T, = 33 — is 
Thermal resistance, or the insulation resist- 
ance offered by clothing (C/l,) to a given atmos- 
pheric cooling demand (K,), may be calculated 
by the following formula: 


7 K,-—- (M+S—-—E+R) 
= F=f, 

K, may be taken from dry cooling tables or, 
for still air, may be calculated by multiplying 
10.45 & (33 — T.), T. being the temperature of 
the air in degrees centigrade. In order to under- 
stand this important clothing resistance formula, 
it may be well to take the following example: 
If a man is doing cross-country skiing, producing 
about 4 mets of body heat at an air temperature 


of 0° F. (—17.8° C.) under conditions of relative 
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calm, the problem is (assuming that no change 
in storage takes place, i.e., there is no drop in 
skin temperature, which remains at the neutral 
point of 33° C.), what is the resistance value of 
the clothing worn? 


K, = 531 
M 200 
E = 50 
R 200 
531 — (200 + 0 — 50 + 200) 
33 — (— 18) 


Cl, 


181 
c& = 
1 
Cl, 3.5 Calories of thermal resistance to each 
°C, difference in thermal gradient. 


Gagge, Burton, and Bazett (1941) introduced 
“clo” as representative of insulation value of a 
garment required to keep the body in comfort- 
able thermal equilibrium without storage (with 
skin temperature remaining at 33°C.) and ata 
temperature of 70° F. (21°C.) in a room with 
an air velocity of ‘approximately 20 feet per 
minute with relative humidity under 50 per cent. 
Their formula is: 


18 X °C. 


ico = Cal./M?./hr. 


For normal outdoor conditions where moving 
air is under 1 mile per hour, they found that the 
same condition at 70°F. required 1.5 clos of 
insulation. Therefore, as our value for calm 
condition is based on outside air moving at a 
velocity under 1 mile per hour, we may assume 
that the thermal resistance of clothing per degree 
centigrade difference between air and skin tem- 
perature is equal to a value of 1.5 clos. Accord- 
ing to our calculations, one clo equals a total of 
60 Cals. of thermal resistance. Figure 3 gives a 
convenient nomogram for computing clothing 
requirements. 


TABLE 3 


CLOTHING INSULATION REQUIRED UNDER CONDITIONS OF 
Dry-SHADE CALM FOR FouR TEMPERATURES 
AND Four DEGREES OF ACTIVITY 


Fast 
walking 


Slow 


Normal 
walking 


| walking 





SELECTION OF CLOTHING FOR COLD CLIMATES 


CLO VALUES (TOTAL CLOTHING RESISTANCE) 
' 2 3 
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Fic. 3. Nomogram for computing clothing requirements. 


Table 3 shows a summary for the ideal clothing 
required for insulation of the body without stor- 
age under conditions of dry-shade cooling for 
various degrees of activity at four given tem- 
perature conditions of relatively still air. This 
is the maximum insulation the body should have 
to prevent perspiration. 

Table 4 shows the reduction due to bright 
sunshine in clo requirements for the same tem- 
perature and degrees of activity as shown in 
table 3. This reduction in each case equals 
approximately 200 Calories or 3.5 clos. 

Table 5 shows the conditions for dry-shade 
cooling as in table 3, assuming, however, a lighter 
insulation of clothing which permits storage from 
the skin at the rate of 75 Calories per hour, 


TABLE 4 


CLOTHING INSULATION REQUIRED UNDER CONDITIONS OF 
BRIGHT SUNSHINE ON A DRY CALM DAY FOR 
Four TEMPERATURES AND Four 
DEGREES OF ACTIVITY 


Fast 
walking 


Normal 


walking 


mn sa Slow 
F. At rest walking 


70 | Perspiration| Perspiration| Perspiration| Perspiration 

50 " | | 

30 1.5 0.8 
4.6 4.0 3.4 2.8 


“a sc “a 


0.2 r 





Slope lines represent resistance in kilogram calories offered 
by clothing for each degree difference between skin and air temperature. 
total clothing resistance in 60 calorie units termed clos. 


The heavy vertical dash lines represent 


TABLE 5 


CLOTHING INSULATION REQUIRED UNDER CONDITIONS OF 
Dry-SHADE CALM WITH A STORAGE CAUSING A 
5° C. Skin TEMPERATURE Drop PER Hour 
FOR FouR TEMPERATURES AND FouR 
DEGREES OF ACTIVITY 


| 
Fast 
walking 


Normal 
walking 


Slow 


°F. At rest walking 


70 | Equilibrium | Equilibrium | Equilibrium | Equilibrium 
50 | 0 re = os 

2.6 i ’ 8 

6.0 vs ; 4.0 


causing a drop in skin temperature of 5° centi- 
grade. This shows that the remarkable value 
of insulation due to the drop in skin temperature 
and storage, which amounts to between 2.2 and 
2.3 clos, will continue to decrease until thermal 
equilibrium is established or the subject’s skin 
temperature becomes too cold for comfort. The 
relative decrease in clo requirements for this 
storage value equals about 0.6 clo per degree 
drop in skin temperature or a total decrease in 
resistance required of about 36 Cal. 

Table 6 shows the combined effect of heating 
to strong solar radiation and reduced cooling due 
to storage and drop of the temperature gradient. 

None of these tables take into consideration 
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TABLE 6 


CLOTHING INSULATION REQUIRED UNDER CONDITIONS OF 
BRIGHT SUNSHINE ON A Dry CALM Day WITH A STOR- 
aGE CausinG 5° C. SKIN TEMPERATURE Drop 
PER Hour, FOR Four TEMPERATURES AND 
Four DEGREES OF ACTIVITY 


Fast 
walking 


Normal 
walking 


Slow 


At rest walking 


70 | Perspiration | Perspiration | Perspiration | Perspiration 

50 ? Pe - 7 

30 | Equilibrium | Equilibrium | Equilibrium | Equilibrium 
0 2.4 1.8 1.2 0.6 


moving air. As long as adequate windproof 
clothing is provided, much of the cooling of the 
air may be reduced to still air values. But, for 
the relatively unprotected body and especially 
the extremities, resistance values and clo values 
may be calculated for any given condition of 
cooling, activity, or storage. 

The following formulae are of additional help 
in establishing points of thermal equilibrium 
when cooling, evaporation, radiation, and insu- 
lation are known. Thermal equilibrium can be 
calculated in terms of storage when: 


K,—-M —E+R+ Cl, 


15 


The temperature at which thermal equilib- 
rium may be established can be calculated by 
the following formula: 


._ 344—-(M-—E+R-S)+T.-C., 
ae 10.45 — Cl, 


Figure 3 shows a summary of clothing resist- 
ance values and clo values in relation to the heat 
exchange in temperature differential between the 
skin and the atmosphere. By entering the table 
simply with the elements of the heat exchange, 
i.e., K, — (M+ S — E+ R), it is possible to 
predict the clo value of clothing that would be 
required to give the body complete protection. 
By calculating the degree differences between 
skin temperature and air temperature, the ther- 
mal resistance of the clothing may be estimated. 


PRINCIPLES FOR KEEPING THE BODY WARM 


The following deals with practical aspects of 
selecting suitable garments for cold weather use 
in the light of the technical discussion which has 
preceded it. 

When the body is covered with clothing, either 
for the sake of convention or comfort, bodily 


heat regulation adjusts to the effect of this cloth- 
ing as it might to an added skin. In certain 
instances clothing may be protection; in others, 
a hindrance. For example, in the tropics it 
offers protection from the intense solar radiation, 
but at the same time interferes with the process 
of cooling by evaporization which would take 
place in an unclothed body adjusted to the effects 
of a hot tropical sun. If vaporization occurs on 
the outer portions of a garment, only a fraction 
of the heat of vaporization will be extracted from 
the body—most will come from the atmosphere 
itself. 

In cold climates, clothing serves to reduce the 
rate of heat loss from the skin by establishing a 
constant, variable only in its rate by the degree 
of moisture absorbed in the clothing, or per- 
meability to air movement. The body has a 
wide range of automatic adjustability which can 
be used to advantage if treated wisely, whereas 
the use of too much clothing or improper body 
conditioning will cause automatic adjustment to 
bring discomfort. Clothing should be thought- 
fully adjusted to bodily needs and not worn 
merely as a matter of convention without con- 
sideration of the climatic and bodily environment 
to which the person is to be exposed. 

Perhaps the following circumstance will serve 
to summarize the practical factors of adjustment 
in the selection of cold-climate clothing for every- 
day life. Often individuals, after prolonged ex- 
posure to cold, come indoors temporarily to get 
warm without disrobing. They hover close to a 
stove and procéed to absorb heat until complete 
warmth has returned and perspiration begins. 
When they return to the outdoors, the renewed 
warmth leaves their bodies with painful swiftness. 
Soon they feel chilled to the bone, commence 
to shiver, and are much more uncomfortable 
than before having gone indoors. Physiological 
events which occurred to produce this condition 
include: 

(1) Before coming indoors, stored bodily heat 
gradually had been lost until hands and feet were 
cold, although strong shivering had perhaps not 
yet started; the body was losing its stored and 
produced heat at its minimum rate of conduction 
because of vasoconstriction. 

(2) As warmth returned, the clothing began 
to absorh, heat while the body began gradually 
to replenish heat in the cold skin. Soon skin 
temperature rose above 33° C. (91.4° F.), which 
signaled danger, because, in a sense, the body 
had “‘filled itself with heat’’ and was ready once 
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again to concern itself with dispersing the excess 
heat. 

(3) Vascular dilation took place in the skin 
and circulation increased as more and more heat 
was stored up. Since the body was heavily 
clothed, the heat could not escape, and soon skin 
temperature rose to 34.5° C. and sweating began. 

(4) Before returning outdoors, the body had 
become conditioned to give off heat at least four 
times faster than it was doing at the time of 
coming indoors, while the clothing, damp from 
perspiration, was also transmitting heat at a 
slightly faster rate. 

(5) When the individuals stepped outside 
again, the more exposed portions of the body 
started draining heat into the atmosphere with 
great speed over a steep temperature gradient. 
The pain of heat loss exerted on the cold sensory 
organs was intense, and in a short while drainage 
became so rapid that the body actually lost more 
heat before vasoconstriction reduced the rate of 
heat loss, than it did before being warmed by 
the stove. 

A further factor of importance in consideration 
of the foregoing outline, is that while exercising 
before coming indoors to get warm the body was 
producing about 2 or 3 mets (100 to 150 Calories 
per square meter per hour). While resting, the 


met production dropped to 1 (50 Calories per 


square meter per hour). Therefore, upon ex- 
posure to the air, the body was reduced to one- 
third of its former production so that less heat 
was available in a system conditioned for rapid 
discharge. 

If pain is withstood until the body can readjust 
itself and heat production again increases, a fair 
degree of comfort will result, tempered to some 
extent by the dampness in the clothing. 


PROTECTION AGAINST COOLING 
AND CONDUCTION 


BY RADIATION 


Protection against still-air cold requires cloth- 
ing insulation against heat loss by radiation 
and conduction. Radiation is a source of heat 
loss difficult to prevent. Fabrics, such as wool, 
absorb and retransmit body long-wave heat radi- 
ation at about the same rate and only extremely 
fine materials such as down interfere with radia- 
tion sufficiently to form an effective insulation 
against it. 

Low cost and availability make wool the most 
economical cold-climate clothing insulator, ex- 
cept, perhaps, for sleeping bags. Insulation is 
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proportional to thickness and looseness, not den- 
sity and weight. That is, loose, light woolen 
garments are warmest in cold still air, but are 
porous and must be covered in windy weather 
by windproof fabrics to prevent loss of insulation 
value 

Loosely woven garments are subject to less 
durability, greater shrinkage, greater permea- 
bility to air, and greater distortion. Therefore, 
a compromise is necessary for those garments 
which are especially subject to these factors. 
Wherever possible, first consideration should be 
given to lightness of weight combined with pro- 
portionate warmth in order to insure maximum 
comfort and efficiency to the wearer. To this 
end, lightweight, loosely woven but relatively 
thick, brushed wool shirts and pants are essential 
garments for cold-climate wear. An over-all 
covering of windproof pants and shirts will afford 


U.S. Antarctic Service photograph. 
Charles Shirley, Photographer, U.S. N. 

Fic. 4. A typical ensemble worn about the barracks by 
members of the United States Antarctic Service: 
heavy all-wool trousers and shirt and oversized work 
shoes and wool socks. The shoes were too light for 
outdoor wear, although the barracks ensemble plus 
windproofs was suitable for outdoor work parties in 
temperatures down to —40° F. 
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U.S. Antarctic Service photograph. 


Fie. 5. 
is convenience. 


the woolen garments protection from undue wear. 
The total weight of a wardrobe of this type 
(boots not being considered) is approximately 
10 pounds and, under conditions of moderate 
exercise in severe cold weather, it will adequately 
protect the body. 

Stress has been laid upon the importance of 
radiation and conduction in still air, for under 
such circumstances they are constants, depend- 
ing upon the temperature gradient of the air for 
their cooling power. When the air in the fabrics 
begins to move, the radiation factor is unaffected 
but the conduction factor is so overwhelmed 
by convection factors that it almost loses its 
identity. However, factors of radiation and 
conduction still remain constant even though 
their relative importance rapidly decreases. 


PROTECTION AGAINST COOLING BY MOVING AIR 


Approximately 75 per cent of potential heat 
loss from the body may be due to an increase in 
air movement from still air to velocities of 20 


miles and more per hour. The most effective 
way of keeping down this 75 per cent heat loss is 
by creating a shell which is more or less imper- 
vious to wind. This is best achieved by using 
a long-staple cotton fabric of dense weave. Such 
fabric is not appreciably effective against heat 
loss by radiation and conduction; therefore in 

’ Wind loses most of its effective cooling power above 


20 miles per hour, except that higher forces cause deeper 
or more forceful penetration into the clothing. 


A suit of windproofs, showing bulky design for over-all wear. 
Drawstrings at neck of hood, waist, and ankles. 
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Charles Shirley, Photographer, U. S. N. 


Parka hood is attached, and front patch pocket 
Elastic is used at the sleeve wrists. 


still air it affords only slight protection, but in 
moving air it is the most efficient material known 
for reducing heat loss. 

A windproof garment reaches optimum effi- 
ciency when a combination of thin pliability, 
minimum weight, and a density just short of 
moisture imperviousness has been used. How- 
ever, a windproof garment may be made water- 
repellent without serious consequences but should 
never be made waterproof. In view of the possi- 
bility of achieving efficient windproof qualities 
in a single layer of fabric, it is not desirable to 
double or triple the layers, for little added effi- 
ciency is gained, whereas the cost, weight, and 
inflexibility rise sharply. 

The selection of cold-climate clothing should 
be predicated on the assumption that a shell of 
windproof cloth will be used to function only 
against wind. All undergarments should be so 
constructed as to protect against cooling due to 
radiation and conduction. By adhering to the 
foregoing principles, minimum weight and maxi- 
mum warmth will be achieved. For further 
protection, the use of mitt-covers and caps in 
addition to the windproof garment of parka and 
pants is important. 


PROTECTION AGAINST VAPORIZATION 


It is difficult to provide full protection against 
increased heat loss due to respiration. In ex- 
tremely cold weather—below —40° F.— face 
masks or protecting hoods can be used in such 











a way that some of the air entering the lungs can 
be pre-heated. However, such procedure will 
cause an uncomfortable accumulation of mois- 
ture and ice around the face. 

We have seen in the foregoing study that about 
10 per cent of body heat is constantly lost through 
vaporization of insensible perspiration. During 
an exposure of a few hours, this loss can actually 
be turned to advantage of the body. In the 
selection of cold-climate clothing this fact must 
be taken into consideration. 

Once vapor concentration reaches 100 per cent, 
the remaining concentration will tend to add real 
moisture to the fabric and will cause a contin- 
ually increasing rate of cooling owing to the fact 
that water is a fast heat conductor. Freezing of 
vapor on the outer surface of garments also tends 
to release heat into clothing, but this is mostly 
lost directly into the air. 

Intense drying of wool clothing, especially wool 
underwear, socks, mitts, pants, and shirts, will 
be effective as a protection against about 10 
per cent of heat loss in stillair. Frequent chang- 
ing of these garments will be found to be worth 
the trouble because of the added comfort derived. 
The practice of drying at night the underwear 
used during the day is especially helpful. 

Polar clothing should not be impervious to 
moisture. When the fabrics become saturated 
with water vapor, they should be capable of free 
vapor transmission to the atmosphere. Water- 
sealed garments will cause condensation even 
though there is no visible sweating. In turn, 
heat loss will increase through the undergarments 
as dampness increases. , 

Perspiration should be avoided at all times. 
The body is unable to check the flow of water to 
the skin surface when the skin temperature rises 
to about 34.5°C. The resultant flood of mois- 
ture dampens the clothing and tends to cool the 
body by added conduction, and this will continue 
after the need for sweating has ceased. Sweat- 
ing is at once a curse to cold-climate inhabitants 
and a blessing to those living in the tropics. 
There should be an effort to keep skin tempera- 
ture constantly at or below 33° C., where the 
danger of sweating is eliminated and the indi- 
vidual is comfortable. 

THREE 


METHODS OF DRESSING 


Table 7 shows in further summary three meth- 
ods by which we may adequately protect the 
body. 
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(1) The overdressed method in which cooling 
is derived by ventilation of the garments. 

(2) The underdressed method in which storage 
is freely used, reducing insulation requirements 
and thereby permitting increased activity to 
establish comfortable thermal equilibrium. 

(3) Matched temperatures, or mixed type, in 
which the wearer attempts to alter his clothing 
in relation to his activity and the atmospheric 
cooling demands. 


COLD-CLIMATE UNDERWEAR REQUIREMENTS 


For primary protection in cold climates the 
body should be encased in a form-fitting, moder- 
ately dense knit covering. The thickness of this 
covering need not be great, but as it is to serve 
as a heat-filter to slow down radiation and con- 
vection from the skin, it must possess several 
important qualities: 

(1) It should have a thermal conductivity (in 
still air) of not less than 10 nor over 20 kilogram 
calories per hour, per square meter, per degree 
centigrade. 

(2) It must be absorbent and easily capable of 
transmitting body vapors and perspiration in 
order that the body may be kept as dry as 
possible. 

(3) It should be as lightweight as possible. 
This lightness can be achieved by loose knitting 
and the inclusion of interstices of air, but the 
material should not be so loosely knit as to per- 
mit enlargement of the interstices when the 
garment is stretched over the body. When held 
up to the light, the density of the material should 
be such that it is completely translucent; that is, 
when the fabric is held close to the eye, no holes 
are large enough to permit objects to be seen 
through it, even under strong light. Large holes 
will permit a too rapid circulation of air next 
to the skin. Undergarments should have suffi- 
cient elasticity in texture and weave to follow 
body contours but should not bind at any point. 
Such binding would cause a decrease in blood 
circulation. 

(4) The fabric should have sufficient thickness 
and body that, when subjected to compression, 
it will not lose too much of its insulating value. 
At the same time it must be lightweight and 
“‘spongy’’—not a hard-weave fabric. 

(5) The material should be sufficiently soft to 
prevent irritation of the skin. 

(6) The garment should be kept reasonably 
clean, for body oils and dirt will increase the ther- 
mal conductivity and loss of insulating efficiency. 







































































































CONDITIONS 


ACCLIMATIZATION 
(The natural ad- 
justment of 
body to contin- 
ued climatic con- 


ditions) 


ENERGY AND 
FATIGUE 


MoBsILITY 


HEAVY 
EXERCISE 


IDLENESS 


EXTREMITIES 


the 


Causes 
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Overdressed method 


Definition: The overdressed method of clothing 
the body for protection against cold temperatures 
consists of wearing heavy, insulating garments 
that will keep the wearer comfortably warm in 
low temperatures or windy conditions with a 
minimum of physical exercise. 
reduced by ventilation. 


The body is constantly acclimatized to warm and 


clothing causing profuse perspiration. 


Warm conditions (as in the tropics) tend to re- 
duce natural energy and bring quicker fatigue. 


Restricted movement of body owing to bulk, | 


weight, and constriction of clothing. 


distress 
Requires ventilation of 
clothing, opening of neck, removal of headgear, 
mitts, etc. Removal of heavy clothing, how- 
ever, makes too sudden a change and is, there- 
fore, often impractical. 


discomfort, perspiration, and 


because of overheating. 


Generally sufficiently protected for almost com- | 


plete immobility without discomfort due to cold. 
Damp clothing may, however, cause general body 
chilling. 


When the torso is overclothed, the blood supply | 


is shunted to the extremities with an effort to 
reduce body heat by increased circulation. Re- 


sult is that extremities have good blood supply | 


and will stay warm with lighter shoes and mitts. 


Overheating is | 


| the body in a state of relative comfort. 
| heating is prevented by reduction of clothing to 


TABLE 7 


‘THREE ALTERNATIVE METHODS OF 


Underdressed method 





Definition: The underdressed method of clothing 
the body for protection against cold temperatures 
consists of wearing as little weight and bulk of 
clothing as possible for a given temperature and 
wind condition, depending on the added heat 
produced in the body by exercise or chemical 
metabolism to keep the body relatively comfort- 
able. Thus the body is permitted to come into 
thermal equilibrium with the atmosphere by 


| losing its stored heat and reducing the skin tem- 
| perature. 


When the cooling rate becomes too 
great, the heat supply is added to by increased 
metabolism through bodily activity, thus keeping 
Over- 


prevent perspiration. Shelter or heavy clothing 


| is required at the termination of activity until 
the tissues once again receive a supply of stored 
heat. 


| Body assumes maximum acclimatization to cold 
almost tropical conditions owing to insulation of 


temperatures owing to continued exposure of skin 
to low temperatures. 


Cold serves as a stimulant to greater exercise 
and reduces fatigue to a remarkable extent. 


Unrestricted movement of body owing to small 
quantity of clothing. 


Heavy exercise may cause sufficient excessive 
body heat as to require the removal of some 
clothing. However, the contrast is usually not 
great, and therefore removal of clothing causes 
no sudden shock to the nervous system. 


Requires additional clothing or continued ac- 
tivity, to prevent general body chilling. Body 
chilling, however, is followed by increased metab- 
olism due to shivering. 


Acclimatization causes decrease in blood flow in 
extremities. Therefore it is necessary to take 
great care in clothing extremities. Well-insu- 
lated boots and mitts are important. 





SELECTION OF CLOTHING FOR COLD CLIMATES 


DRESSING FOR COLD-CLIMATE AREAS 


Mixed or matched temperature method Body effects and limitations 





Definition: The mixed or matched temperature method of | 
clothing the body for protection against cold temperatures 
consists of wearing several layers of light woolen garments 
that can be pulled off or replaced in accordance with the | 
temperature conditions. This method requires more or | 
less constant dressing and undressing in relation to amount | 
of exercise and changes in climate. 


Partial acclimatization to cold temperatures. According to Bazett and others, the body can reduce the 
| volume of its blood, making it easier to control vaso- 
| constriction. When skin temperature drops to 28°C. 
(82.5° F.), the thermal conduction of the skin is 25 per 
| cent of the rate of loss during perspiration. 


Artificial stimulus to energy can be attained by reducing | The body reacts toward heat and cold psychologically and 
clothing to the point of chill, which calls psychologically | physiologically, tending to resist accumulation of too much 
and physically for an increase in exercise of metabolism. body heat by reduction of metabolism. The body tends 
to increase metabolism, if heat loss is faster than heat 
production, by shivering if not by exercise. 


Partial restriction due to clothing layers, The body is more efficient for mobility when least restricted 
by clothing. 


Various degrees of exercise are met by removal of clothing | When body exercise increases, metabolism increases with 
layers. resultant higher production of body heat. Circulation 
increases in the capillaries of the skin and especially in the 
extremities. Respiration also increases. When stored heat 
has been replaced and production of heat becomes greater 
| than loss, perspiration is an unavoidable consequence. 


Requires additional layers of clothing to keep skin tem- | When the body becomes inactive, metabolism drops and 
perature within the limit of stored heat. circulation slows down. The blood supply retreats inward 
and the thermal conductivity of the skin decreases. 


Care is necessary to insure sufficiently insulated boots, | The blood abandons the extremities in favor of the torso 
since it is impracticable to alter the layers of footgear at | when exposed to low temperatures. Circulation in the 
will as in the case of torso clothing. | skin and the extremities is shunted inward with the result 
that greater care becomes necessary to protect extremities. 
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SENSATION OF 
COLD 
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Overdressed method 


Sensitivity to cold is at highest threshold owing 
to lack of acclimatization and vasodilation, be- 


| cause the skin temperature is high as is the 


| thermal conduction of the skin. 


SLEEPING 


BULKINESS AND 


WEIGH 


WINDPROOT 
QUALITY 





INSULATION 
VALUI 


DURABILITY 
AND Cost 


CLOTHING 
COMBINATIONS 





EXAMPLES 
(Occupations best 
suited for meth- 
ods of dress) 


| 25 lb., and it is often so stiff and bulky that it 


The tempera- 
ture gradient and rate of heat loss will be faster 
and more painful than for the other methods. 


| 
| 
Overdressed method requires greater amounts of 
bed clothing because an individual using the | 


| overdressed method is more sensitive to cold. 


TABLE 7— 


Underdressed method 


The threshold of sensitivity to cold is lowered 
by acclimatization and the fact that the removal 
of stored heat has reduced the skin temperature, 
thereby effectively reducing thermal conduction 
in the skin, the temperature gradient to the 
atmosphere, and the rate of heat loss. There- 
fore, with a reduced thermal exchange and ap- 
proach to thermal equilibrium, the underdressed 
man may feel less cold than an overdressed man. 


Because of the early retreat of blood from ex- 
tremities and exhaustion of stored heat, the feet 
are often cold upon retiring and need special 


; Care, 


Che total weight of clothing may run from 15 to | 


furs | 


prevents maneuverability. Use of 


lowers weight but does not decrease bulkiness. 


easy 


Reduction of air permeability of clothing is | 
achieved inefficiently by thick heavy layers of | 
wool or animal skins. 


The insulation requirement in clo values would | 
total 8 under conditions of shade in relative calm | 
0° F. for sitting at rest, or about 7 if walking at 
a normal pace. 


| 
| 


Heavy woolens and furs are expensive, but gen- 
erally are quite durable although difficult to 
clean. 





Lb. Oz. 
Underwear 2 
Arctic socks 1 
Shoes and insoles 4 13 
Heavy wool pants 2 12 
Wool shirts 1 2 
Heavy sweaters 1 10 
Scarf 84 | 
Lambskin cap 11 | 
Wool-lined mitts 12 
Sheep-skin coat 8 


| Total weight, approximately 23 Ib. 


Total weight of clothing may range between 5 


| and 10 lb.; rarely as much as 15, except in severe 


conditions of semi-idleness when furs are best 


employed. 


The secret of keeping warm with minimum weight 
of clothing depends upon the efficient use of a 
shell of windproof cloth to prevent moving air 
from removing the insulation of the light layer 
of woolens beneath. 


Clo value required at 0° F. in the shade would 
amount to 6 for a man at rest and 4.6 if he were 


| walking at a normal rate. 


Light woolens and windproofs are relatively less 
expensive than heavy woolens and furs. They 
are easier to keep clean, but generally are less 
durable. 


Lb. Oz. 
Underwear 2 
Trousers, wool 1 8 
| Wool socks, medium weight 8 
Windproof parka and pants 2 


Wool shirt 1 2 
| Mitts (ski type) 8 
| Wool helmet 5 

Mukluks and insoles 2 

Total weight, approximately 10 Ib. 

Supplementary Garments 

Dry socks and mitt-liners 12 

Scarf 8} 

Wool parka 2 3 


Total weight, approximately 3} lb. 


Aviators 

Observers 

Drivers 

Brief exposure 
Sedentary camping 


| Skiing 


Heavy exercise 
Man-hauling—Snowshoeing 
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Continued 


Mixed or matched temperature method | Body effects and limitations 


Sensitivity to cold by those who alter the amount of cloth- | Sensitivity to cold changes with degree of acclimatiza- 
ing to meet conditions is greater than for the underdressed | tion and with rate of heat loss through the skin. Pain 
and less than for the overdressed. | is a warning signal as to the degree of heat storage loss 
and rate of cooling. If the rate of cooling becomes 
dangerously fast, the pain becomes intense. Because 
the rate of cooling is controlled by conductivity through 
the skin, which in turn is controlled by circulation of 
the blood, persons acclimatized and with low skin tem- 
peratures are less intensely aware of the cold and less in 
danger of freezing (except for extremities). 


Sleeping under blankets or similar bed clothing in layer | Upon retiring, the metabolism drops to minimum, and 
form permits continued principle of matching temperature | heat produced is also at minimum. Greatest comfort in 
conditions. | sleep comes when body heat loss balances output, with a 
neutral skin temperature. This may vary widely between 
individuals. 


Average weight of clothing runs from 10 to 20 Ib. The body is best able to operate efficiently with a minimum 
of weight and bulk of clothing to hamper its movements. 





Success of this method usually depends on windproof | Moving air has a potential cooling power of as much as 

fabrics which reduce weight of clothing. 60 per cent of total cooling when the wind is blowing 10 
miles per hour. Fabric should be made relatively im- 
pervious to air, but should not prevent the passage of 
water vapor. 


Clo values would range between the overdressed and | Clo value amounts to 60 Calories of total insulation for 

underdressed method. a total thermal exchange between the skin and air. This 
is calculated in relation to the difference between the 
potential cooling power of the atmosphere and the heat 
produced by the body. 


Cost, durability, and cleanliness are a compromise between 
the other two. 


Layers of clothing are made by two or more shirts, sweaters, 
vests, pants, socks, etc., which can be removed fairly easily. 
Usually the removal of windproofs, as in underdressed 
method, is sufficient for wide change. 


Mechanics 
Engineers 
General duty 
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(7) One-piece (union suit) underwear is more 
efficient than two-piece, because there is no bulki- 
ness at the waist, less weight, less body exposure 
when attending to natural functions, and the 
trouble usually attendant to keeping drawers up 
is entirely eliminated. The only apparent ad- 
vantages of two-piece underwear are: the body 
is less exposed while changing garments; there is 
some added insulation value at the hips. These 
advantages, however, assume minor proportions 
where compared to those offered by the one-piece 
garments. 


OUTER CLOTHING REQUIREMENTS 


In the selection of clothing for a given day, it 
is natural that a man will select his warmest and 
heaviest garments if he feels cold at the moment 
or anticipates being cold. However, once he 
becomes active, his body begins to create addi- 


U.S. Antarctic Service photograph. 
Charles Shirley, Photographer, U.S. N. 


Fic. 6. Wool skiing ensemble, consisting of medium- 
weight densely woven wool shirt and pants. Pockets 
are protected by button flaps. Zippers for ventila- 
tion. Ski headband for protection at the head. 
Wool mittens have leather facing to reduce wear. 
They will permit excess hand moisture to escape. 
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U.S. Antarctic Service photograph. 


Charles Shirley, Photographer, U.S. N 
Fic. 7. Windproof ski suit to replace suit shown in fig. 6. 
This fits more snugly than the regular windproof suit, 
since it is designed for use over underwear rather than 
over wool outer garments. Wrists and neck open for 
ventilation. During the two summer months in the 
Antarctic this costume is the maximum amount of 


clothing worn by most of the men on the trail during 
working hours. 


tional heat and soon the clothing which was at 
first comfortable becomes too warm. The body 
must then rid itself of the surplus heat. Blood 
comes to the surface of the skin, but because the 
body is so enclosed in clothing that ordinary 
radiation, convection, and conduction are insufh- 
cient to carry off the excess heat, the skin begins 
to perspire as an added though ineffective method 
of reducing heat. Unfortunately, the garments 
being worn prevent rapid evaporation of this 
moisture, and the body receives no relief from 
the excess heat—only discomfort from the damp 
clothing. 

As soon as a man becomes conscious of over- 
heating, he must learn to take immediate steps 
to increase the cooling of the body in accordance. 
He should first loosen and ventilate his garments 
by opening parka drawstrings at the waist and 
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U.S. Antarctic Service photograph. 
Charles Shirley, Photographer, U. S. N. 

Fic. 8. A typical overdressed ensemble for observers and 
drivers. Pants and coat are of heavy wool. Wind- 
proofness is insured by density of cloth. The head is 
protected by a hood that folds back asa collar. Feet 
are protected by oversized boots which permit an 
insole and two or more pairs of socks. Hands are 
protected by caribou mitts with fur or woolen inserts. 


neck, or, if wearing a coat, by opening the front. 
Removal of mittens will often supply sufficient 
additional radiation surface to cool the entire 
body, much as a radiator cools an automobile 


engine. For major overheating, the usual and 
only logical remedy is progressively to remove 
clothing until perspiration ceases. Generally the 
removal of windproof garments is not difficult, 
and, on occasions of moving air, this will un- 
doubtedly be sufficient to bring quick relief. In 
moderately cool climates zippers in the front of 
windproof parkas are advantageous. However, 
in severely cold weather they may be a hazard 
owing to too much loss of heat through the 
zipper opening. 

When the air is still, relief may not come until 
the torso is bared. This is because the lower 
half of the body will remain heavily clothed 
owing to the greater difficulty and consequent 
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reluctance to undress that portion of the body. 
Stripping to the waist on calm, sunny days is not 
uncomfortable to an acclimatized man, even 
though the air temperature may be considerably 
below freezing. On such days solar radiation 
may be very great; for example, temperatures as 
high as 120° F. may be reached in sunshine with 
a black bulb thermometer, whereas at the same 
time an ordinary thermometer would still be 
registering subfreezing temperatures. Sudden 
clouding of the sky will, of course, bring quick 
realization of low temperatures when this source 
of radiation has been cut off. Thus it will be 
seen that if a man is overdressed, he may have to 
employ extreme measures to prevent overheating. 

Perspiration is not so serious once the outer 
layers of clothing are removed and the more 
loosely knit woolens are exposed, since the humid 
warm air from the body will then escape through 
the cloth, transporting moisture in molecular 


U.S. Antarctic Service photograph. 
Charles Shirley, Photographer, U.S. N. 


Fic. 9. Full fur costume for overdressed method of 
clothing for airplane crews, tractor drivers, and ob- 
servers. Semi-fur hat worn beneath parka hood. 
Long reindeer parka hides sealskin pants. Mukluks 
are of the soft-soled type with the fur turned in. 
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vapor form, leaving the wool comparatively dry. 
It is common in polar regions to see ice accumu- 
late on the back of a man who has become over- 
heated on an extremely cold day and who has 
not paused to prevent excessive perspiration by 
properly ventilating his garments. A heavy 
wool shirt has been seen to increase four pounds 
in weight from ice accumulation on it, entirely 
due to perspiration. The melting and reabsorp- 
tion of such ice is obviously a discomfort that 
should be avoided. 

In view of the foregoing, it is no doubt apparent 
that several thinner layers of clothing are pref- 
erable to one or two heavy garments. Heavy 
coats are no doubt comfortable on occasions when 
a man is relatively inactive, but in general they 
are too stiff and bulky to permit working effi- 
ciency. Moreover, heavy garments usually rep- 
resent too great a change with environment when 
ventilation is required. 

Men such as tractor drivers and observers, 
whose outside work is of such nature as largely to 
arrest physical activity, must dress for a mini- 
mum heat production of, at most, one or two 
mets (50 to 100 Calories). Their clothing insu- 
lation should be in excess of the thermal exchange 
demands; i.e., the thermal resistance of their 
clothing should be greater than the heat avail- 
able, thus tending to keep the skin temperature 
high or at least reducing storage to a minimum. 
These men will be using the overdressed system 
and will be able to ventilate their garments with- 
out recourse to other means. 

On the other hand, when men are able to keep 
warm by such exercise as walking, skiing, or 
working, they should employ the underdressed 
system, using clothing that has less thermal re- 
sistance than the heat available and so drawing 
upon the stored heat of the body. This will 
tend to make a less steep thermal gradient and 
will in itself form insulation. When storage be- 
comes too great for comfort, additional amounts 
of activity will make up for the lessening insula- 
tion. However, if activity ceases, special pro- 
tection will be required by use of shelter, heavier 
clothing, or the insulation of a sleeping bag, 
because so much of the stored heat is already 
removed that with a drop in metabolic heat 
output the body will become excessively chilled. 


PRINCIPLES FOR KEEPING THE HANDS WARM 


(1) Avoid lengthy exposure of the bare hands 
and wrists that will cause stiffening and reduce 
circulation, since it takes a long time to recondi- 
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tion the hands to normal use, especially if the 
body is inactive. 

(2) On occasions when the temperature has 
dropped below 0° F., do not touch metal, snow, 
or other cold objects with a high rate of heat con- 
ductivity, with uninsulated hands. The contact 
of the flesh with rapidly conducting materials 
will cause flesh burns similar to burns from a 
hot stove. 

(3) Utilize material with a low rate of heat 
conductivity, such as wool, next to the flesh as 
an insulator. Over this, and as a separate item, 
use a cover made of some wind-repellent material 
such as leather, duck, or windproof cloth, the 
choice being dependent on the character of work 
the hands are to do. 

(4) Keep the wrists, backs of hands, and palms 
covered as much as possible even while using the 
bare fingers, in order to conserve as much vital 
heat as possible. Knit woolen wristlets of finger- 
less gloves are often invaluable secondary hand 
gear. Precaution should be taken to avoid any 
undue pressure at the wrists that might restrict 
blood flow even to a slight degree. 

(5) Always use loose-fitting mittens, since 
tightly fitting ones will restrict easy movement 
and exercise conducive to increased blood circula- 
tion in the hands, and will actually restrict blood 
flow in the outer layers of the skin. Thumb 
openings must be large to prevent constriction. 
Tight-fitting gloves and mittens depress the insu- 
lating wool next to the skin, thereby decreasing 
its efficiency as an insulator. 

(6) In frigid climates averaging below 0° F., 
avoid the use of gloves of any type that separate 
the fingers, thereby creating a greater radiating 
and conducting surface for loss of heat. Most 
gloves are inclined to bind and constrict the flow 
of blood. When gloves are absolutely essential, 
secondary mittens should be carried as a safe- 
guard or to receive the fingers when they get too 
cold for comfort or utility. 

(7) It must be remembered that many times 
chilled hands and feet are caused by overdressing 
and the use of tight clothing that restricts proper 
circulation. Therefore, caution should be taken 
at all times to avoid the use of garments fitting 
tightly on the inside of the upper arm or under 
the armpits where large blood vessels come near 
the surface and the flow of blood is easily re- 
stricted by slight pressure. 

(8) Keep the hands and handgear as dry as 
possible at all times, since the presence of mois- 
ture increases the heat conductivity, which will, 





SELECTION OF CLOTHING FOR 


U.S. Antarctic Service photograph. 


Fic. 10. Cold-weather protectors for hands. 
to be worn over item 1 or 2 for light work. 
faced canvas gloves for use by mechanics. 


Items 1 and 2, heavy wool mitt-liners. 
Items 4 and 5, wool and leather instrument gloves. 
(Not warm enough for use in temperatures below 0° F.) 


COLD CLIMATES 


Charles Shirley, Photographer, U.S. N. 


Item 3, windprvof mitt-cover 
Item 6, horsehide- 
Item 7, 


knitted wool wristlets worn as a basic protector with any of the other protectors, permitting use of bare fingers 


and thumb. 


wear and is more easily kept dry. 
mitt-liners are worn with these. 


in turn, hasten cooling of the hands. Cold hands 
can often be made comfortably warm by merely 
changing from perspiration-damp mitt-liners to 
spare dry ones. 

(9) When a man is at work and his body be- 
comes overheated, one means of ventilating is to 
remove the mittens which act as a radiating 
surface, thereby actually cooling the entire body. 
It is essential that he be able to remove his hand- 
covering readily to take care of ventilation, not 
only for his general well-being but to keep his 
mitt-liners and other clothing from becoming 
damp with perspiration as well. If the wearer 
is using leather-covered mittens with removable 
wool liners, he will frequently separate the covers 
from the liners and use either one or the other 
alone in an attempt to establish a better equilib- 
rium with the environment. 

(10) For men who must use their fingers to 
handle intricate and delicate machinery, tools, 
and instruments, it is advisable that wherever 
possible, metal thumbscrews, adjustments, and 


Item 8, woolen ski mitts faced with thin leather to add durability against wear on the ski poles. 
permit escape of vapor when hands become overheated. 
to be worn over items 1 and 2 for general duty and heavy work. 
Item 11, caribou fur mitts with a simple string halter. 


Will 
Items 9 and 10, horsehide and buckskin leather covers 
Buckskin remains most pliable under continued 
Fawnskin fur or woolen 


other parts frequently handled, be, in so far as 
possible, (a) enlarged in size to permit easier 
handling with cold, numb hands, or, preferably, 
with the use of mitts, and (0) insulated with 
some material of low heat conductivity. 

(11) Avoid the use of gauntlets with wide cuffs 
attached, since they are bulky and generally 


useless. At best a dubious protection from the 
wind and wind-blown snow, they serve to catch 
it coming from the rear, and because of their 
shape prevent easy adjustment of the vital cloth- 
ing layers around the wrist. 

(12) When fingers have become painfully cold 
and stiff or frostbitten, revival of normal circu- 
lation can best be restored by placing them next 
to warm flesh under the armpits, between the 
thighs, or next to the abdomen. Never treat 
frostbite by rapid heating over a stove or by 
rubbing with snow, or by strong abrasive rub- 
bing. The frozen fingers should be cupped in 
warm hands and gently squeezed and relaxed 
in an effort to set up artificially circulation in 
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a slow “milking” action. By careful first-aid 
treatment of this nature, serious consequences 
may be avoided. In cases of bad freezing, the 
aid of a second person is advisable. 

(13) As a precautionary measure, harness or 
convenient pockets to accommodate mittens tem- 
porarily taken off should be used. The loss of 
mittens in extremely cold weather may cost the 
life of a man, for without protected hands he 
will not be able to survive long in subfreezing 
temperatures. 


PRINCIPLES FOR KEEPING THE FEET WARM 


More than any other part of the body, the feet 
need special attention in cold climates. It has 
already been pointed out that the feet will con- 
tinue to lose heat gradually and fail to establish 
equilibrium when exposed to atmospheric condi- 
tions that demand more heat than the body is 
currently producing. 

Owing to the weight of blood and body when 
one is standing, the muscle and capillary tone 
permits blood to circulate with some freedom, 
but when one is lying or sitting, the capillaries 
are able to constrict under reduced pressure to 
such an extent that little heat is conducted to 
them via the blood stream. The feet will, there- 
fore, be warmer when one is standing, and warmer 
still when one is walking, since increased muscu- 
lar metabolism will produce some heat. 

Keep Feet Dry.—Most footgear is constructed 
on the premise that it will keep the feet as dry as 
possible. However, the usual methods employed 
to satisfy moderately cold conditions are not sat- 
isfactory for temperatures below 0° F.; therefore 
an entirely reverse principle must be employed. 

Moderately Low Temperatures above 0° F. 
Shoes and boots are generally snug-fitting and 


U.S. Antarctic Service photograph, 

Charles Shirley, Photographer, U.S. N. 

Fic. 11. Items 1, 2, and 3, various grades of heavy wool 

socks used by members of the United States Antarctic 

Service. Item 4, woolen duffles or small blanket wool 

bootees; handmade. Item 5, caribou fur socks usually 
worn in fur mukluks. 
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U.S. Antarctic Service photograph. 
Charles Shirley, Photographer, U.S. N. 
Fic. 12. Item 1, Siberian mukluk or hard-soled mukluk. 
Tops are made of the legskins of caribou; the soles, 
of walrus skin or sealskin. Item 2, water mukluks 
made from scraped sealskin. Light and fairly water- 
proof when properly oiled. Item 3, fur insoles made 
from body skins of caribou; generally clipped to about 
34 inch in thickness. Item 4, felt insoles made from 
piano felt sufficiently compressed to resist losing shape 
by continued use in foot protectors. Worn in mukluks 
and ski boots. Item 5, senna grass. This is used to 
fill space in loose boots and absorbs moisture. Con- 
densation of moisture and oxidation produces consid- 
erable insulation. The moisture freezes, forming ice 
on the surface of the grass which is easily shaken off, 
leaving the grass dry. 


waterproofed with oils to prevent melted snow 
water and slush from soaking through to the 


feet. Perspiration is of only secondary consid- 
eration, since there is little danger of the socks 
freezing if the temperature does not drop too low. 
Extreme Subfreezing Temperatures below 0° F.- 
Under extremely cold conditions, the snow be- 
comes so “‘dry’’ that sufficient heat does not 
escape from the feet to cause melting of the snow 
on the outside of the boot. The rate of cooling 
is so great that the thermal gradient steepens 
until the contact line at which freezing and melt- 
ing occur is somewhere inside the structure of 
the boot itself. Moisture within the boot will 
cause ice to form at the freezing line, and this 
moisture should be condensed outside the boot 
if possible This is usually not possible in ex- 
tremely low temperatures, owing to condensation 
on the relatively impervious leather. Rather, it 
is usually deposited as a layer of frost on the 
inside of the leather, although some of the mois- 
ture may be captured and held in absorbent 
mediums, such as felt insoles and wool socks, 
without the loss of a great deal of heat. 
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U.S. Antarctic Service photograph. 
Charles Shirley, Photographer, U.S. N. 


Fic. 13. Ski boots especially constructed for members of 
the United States Antarctic Service. They are over- 
sized to permit use of 44 inch insole. Leather flap 
is to prevent snow from entering at the tongue. Box 
toe insures ample space. Felt around ankle prevents 
chafing when boot freezes. Boot is constructed with- 
out lining, with a stiff counter and a wood shank. 
The soles are wood-pegged. 


We see, therefore, that when temperature is 
in the neighborhood of 0° F. (with a slight 
breeze), footgear precautions shift radically from 
an attempt to keep moisture from entering to 
an attempt to conduct moisture outside or ab- 
sorption from within. It is owing to these two 
distinctly different principles that much contro- 
versy and lack of understanding is apparent in 
the designing of footgear for use in cold climates. 
There appears to be no suitable footgear that 
will bridge the two conditions in moderately cold 
regions, and the nearest compromise possible is 
to make a waterproof type of boot, sufficiently 
large to permit the use of additional socks and 
insoles. 

Large, Roomy Cold-Climate Footgear Essen- 
tial.—Constriction of the feet will cause a decrease 
of blood circulation, consequently hastening chill- 
ing and freezing. Prevent any constriction of 
the ankles, lower legs, knees, or thighs that will 
in any manner slow up the circulation of blood 
in or to the feet. As in the case of the hands, 
the flow of blood is the essential means by which 
heat is carried from the internal body to the 
extremities. In moderately cold climates, it is 
natural that footgear should fit fairly snugly. 
However, as the cold increases, it is essential also 
that the footgear increase in size. This not being 
practical in most shoe designs, it is necessary 
that footgear which is expected to protect the 
feet in low temperatures, be oversized to begin 
with—the additional space unoccupied by the 
feet being filled with socks and insoles Men 
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entering cold climates should be equipped with 
boots increased by two or three sizes in length 
and several sizes in width. 

It is natural that unseasoned men will not 
understand this in the beginning. However, 
upon selection of the boots, if they are required 
to insert an insole and try the boots on while 
wearing one or two pairs of heavy woolen socks, 
they will find they have a boot that fits without 
binding or too much compression of the socks, 
and they will be better able to understand why 
extremely large boots are necessary. 

Perspiration of the Feet.—It is impossible to 
dress so as to prevent perspiration of the feet 
because of the constant changes of external tem- 
perature and changes in bodily heat due to vari- 
ation of occupational activity. Also, in many 
persons insensible perspiration at low skin tem- 
peratures is excessive. Other parts of the body 
can be ventilated more easily than the feet, and 
by making the extra effort to do so, excess body 
heat will be reduced and foot perspiration will 
be reduced accordingly. 

As has been discussed elsewhere in this article, 


U.S. Antarctic Service photograph. 

Charles Shirley, Photographer, U.S. N. 

Fic. 14. Down sleeping-bag (open) showing added foot 

pocket and throws at the neck around hood. Bag 
fastens by means of zippers and buttons. 
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U.S. Antarctic Service photograph. 
Charles Shirley, Photographer, U.S. N. 


Fic. 15. Wool blankets on 


top of the bag are used as additional liners in ex- 
tremely cold weather. 


Down sleeping-bag (closed). 


greatest comfort and safety can be assured by 
thoroughly drying wool socks and felt insoles at 
night, and by changing the dry socks and insoles 
whenever possible after the feet become damp 
and cold from exposure. The natural absorption 
of moisture by the wool will, for a while, cancel 
the steady loss of heat due to vaporization of 
insensible perspiration. 

Freezing of the Feet.—-As the feet are. com- 
pletely covered and difficult to examine readily, 
they are often subject to freezing. As long as 
easy movement is apparent and the sensation of 
cold is acute, freezing has not yet set in. If 
cramping prevents movement of the toes, how- 
ever, and pain of great intensity lets up without 
undue reason, the feet should be examined, for 
these are symptoms of freezing. As long as 
frozen toes are caught in sufficient time, the 
deep cellular structure will not be broken down 
beyond repair; and, as stated in the suggestions 


for care of the hands, it is essential that the 
cold-affected parts be placed against warm flesh 
and gently thawed. 

The Eskimos have long known the necessity 
and importance of this method, and they do not 
hesitate to aid their companions by placing an 
affected foot next to their own stomachs. Never 
rub snow on frozen or affected parts. This is a 
fallacy which has existed for many years, and 
one which will lead to serious consequences, if 
not by freezing the parts worse, then certainly 
by abrading the skin and setting up conditions 
for infection. (The process of rubbing snow 
against a container holding liquid is the way ice 
cream is manufactured.) Frozen toes should be 
cupped in warm hands, and gentle pressure and 
release of pressure should be applied until normal 
circulation has been restored. Toes that would 
normally be destroyed by freezing may be spared 
by this simple first-aid treatment. 


PRINCIPLES FOR KEEPING THE HEAD WARM 


The head, and particularly the face, is adapted 
to withstand a greater change of external cli- 
matic conditions than the body as a whole. 
Consequently, some parts of the head can be 
safely exposed to the atmosphere even at low 
temperatures, with little serious effect or extreme 
discomfort. The vital areas to be protected in 
their probable order of necessity are as follows: 

Ears.—Because of their thinness, poor circula- 
tion, and exposed location, the ears are suscep- 
tible to quick and painful freezing. Therefore, 
even in moderately cold weather, head bands or 
ear muffs are essential when the rest of the head 
may remain bare, except for those who have an 
insufficient supply of hair. 

Back of Neck.—The area of the back of the 
neck requires protection because of the vital 
sensory nerve cords and tendons, which must be 
kept sufficiently warm to insure proper nerve 
functioning of the entire body. It is a common 
observation that many persons catch cold easily 
when a draft of cool air blows for a period of time 
on the back of their necks. Or, they may get 
a stiff neck; and some people are so sensitive in 
this part of the body that they will wake out 
of a sound sleep if this part becomes cool. Any 
hat or cap selected should protect this vital area 
as part of its functions. 

Temples and Forehead.—The blood supply for 
the scalp and part of the head comes close to the 
surface at the temples; therefore that area needs 
insulation from the cold. 

















For protection of the three vital areas men- 
tioned above, the so-called ski headband has 
been adopted for moderately cold climates. It 
provides sufficient protection for these three 
areas even though the top of the head, for those 
with adequate protection, is permitted to go 
bare. Only on occasions of strong wind or ex- 
tremely low temperatures do men need to aban- 
don this headgear for a warmer one. 

Throat.—The throat should be protected from 
extreme cold because of the large blood vessels 
and cords which come near the surface and cause 
discomfort if they become too cold. 

Top of Head.—Hair forms a natural protection 
for those who have an ample supply to keep their 
heads safe from serious effects of the cold down 
to temperatures close to 0° F., except when a 
breeze is blowing. As described above, no seri- 
ous effect will occur if the head is exposed during 
moderately cold weather, provided, of course, 
that a means of sheltering it is readily at hand 
in case of more severe weather. 

Chin.—Although the chin will stand a consid- 
erable range of temperatures, it requires protec- 
tion when the wind increases the cooling power 
of the atmosphere in low temperatures. A cold 
chin is very painful and often becomes frozen, 
owing to ice that accumulates in beards and 
mustaches or around faulty neckgear or head- 
gear. In extreme cold weather, caps with chin 
guards and face togues of helmet design are 
notably efficient in keeping the chin warm. For 
moderate temperatures, a beard is a good pro- 
tection. However, at low temperatures serious 
freezing may occur below it, and the accumula- 
tion of ice in the beard is not only uncomfortable 
but unhygienic as well. 

Nose and Cheeks.—The nose and cheeks are 
difficult to protect, owing to their proximity to 
the mouth and eyes and the necessity of keeping 
them free for breathing and seeing. During 
blizzards at very low temperatures, it will be 
found necessary to protect the nose and cheeks 
from freezing by using face masks or fully hooded 


parkas. Masks can be made very simply from - 


a square of windproof cloth, padded at the nose 
and cheeks with woolen blanket cloth with holes 
pierced for accommodating the eyes and. mouth; 
the use of a face mask being necessary only when 
the atmospheric cooling factor increases to about 
800 kilogram calories per square meter per hour. 

Mouth and Eyes.—Owing to the important 
functions of the mouth and eyes, they are the 
last portions of the body to be covered, and when 
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U.S. Antarctic Service photograph. 
Charles Shirley, Photographer, U. S.N. 


Fic. 16. Caribou fur sleeping-bag (open). Bag closes 
with a zipper. Hood has two long fur throws for 
protection around neck. The bag is lying on a 4-lb. 
waterproofed kapok mattress. 


they are, it is generally under such adverse condi- 
tions that travel is impossible. However, when 
sunlight and bright snow become factors, then 
the eyes assume first rank of all bodily organs to 
be given protection. No matter how strong a 
man may consider his eyes to be, he will succumb 
to snow-blindness and perhaps suffer permanent 
injury to his eyesight if he does not take the 
precaution of covering his eyes with glasses when 
there are no dark objects in a snow field to give 
him relief. 

It should be pointed out that snow-blindness 
is caused not only by direct sunlight on the 
snow, but also by diffused light on a cloudy day. 
Polaroid glass does not help especially in the case 
of snow, since the light is not being reflected 
from a single plane but from all directions. 
Also, it is not only the ultra-violet and infra-red 
rays which cause damage to the eyes, but also 
the intensity of the entire visible spectrum. 
It is necessary, therefore, when operating com- 
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U.S. Antarctic Service photograph. 
Charles Shirley, Photographer, U. S. N. 


Fic. 17. Caribou fur sleeping-bag (closed). 

pletely on snow, that the eyes be protected by 
glasses that extract 90 per cent of the light. 
A man who becomes snow-blind will be a useless 
invalid for a period of at least three days, if not 
for an indefinite length of time. Glasses should 
be worn whenever the eyes are exposed to bright 
light, and the best cure and preventive of snow- 
blindness is the wearing of glasses at all times. 


Even on short trips, it is good precaution to 
carry a second pair of glasses for safety against 


breakage or loss. An elastic band on the glasses 
is a desirable means of holding them in place. 
Metal parts should never touch the face, but the 
use of zylonite or other plastics has not been 
found to cause undue freezing at temperatures 
of 40° below zero. Fogging of glasses is a con- 
stant nuisance, and in order to eliminate it, as 
much space as possible should be left around the 
rims of the glass to insure maximum air cir- 
culation. Back glare on glasses is sometimes 


sufficient to cause snow-blindness for some men. 
Therefore, blinders on the frames are often de- 
sirable. For clear vision and continued use, 
plastic lenses are never as desirable as ground 
glass lenses. 

Freezing of the Face.—Freezing of the flesh 
about the face or head may proceed so quickly 
that a man is unconscious of it. An experienced 
man may recognize the exact moment of freezing 
by the sharp twinge of pain that shoots through 
the affected part. After freezing sets in, no feel- 
ing is apparent, for the nerves are temporarily 
dormant. The afflicted area blanches white as 
suddenly as comes the twinge of pain, and the 
spot is apt to continue growing in depth and area 
unless it is halted. A man does not always dis- 
cover frozen areas on his own face, for when the 
pain is gone, he is less conscious of his face being 
cold. The unwritten law, in cold climates, re- 
quires that each man call attention to his com- 
panion’s face whenever he sees the appearance of 
an ashen white area of freezing. 


SUMMARY 


After reviewing the physiological character- 
istics of thermal output and regulation of the 
body and examining the rate at which the atmos- 
phere can absorb heat, we have been able to 
determine many of the thermal properties neces- 
sary for clothing of suitable insulation value in 
cold climates. Formulae and tables have been 
provided for the calculation of garment resist- 
ance and thermal insulation, showing statistically 
the amount of protective insulation necessary to 
keep the body properly dressed and in a state of 
thermal equilibrium below the point of perspira- 
tion. From these data the series of principles 
for keeping the body and its appendages warm 
have been outlined. 

This paper has been an attempt to summarize 
the factors which go toward making a true scien- 
tific approach to the problem of keeping the body 
warm in cold climates. There is still more work 
to be done by improvement and simplification of 
formulae to make them of more practical use for 
laymen. However, this study has been intended 
as a guide to aid those who may in the future be 
responsible for the selection of clothing for large 
numbers of inexperienced men being taken into 
polar or other cold-climate regions. It is a con- 
tention of the author that the statistical clothing 
needs for any area can be expressed in precise 
terms if the climatic characteristics are known. 
There is no claim made that this paper represents 
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any extensive laboratory study. The authori- 
tative base by the author is laid principally upon 
his training as a climatologist and geographer, 
his experiments with atmospheric cooling, and 
his practical experience gained from participation 
in three Antarctic expeditions. 

The summary of physiological and textile 
studies has been taken from many sources, and 
the bibliography which follows represents most 
of them. However, the author has been mate- 
rially assisted throughout the past two years by 
members of the West Base of the United States 
Antarctic Service, who aided in the experimental 
study of the practical aspects of clothing. He 
is indebted to the U. S. Army for the privilege 
of using some of the data previously presented to 
it in a report on the same subject. And he is 
further indebted to the staff of the United States 
Antarctic Service research headquarters at Miami 
University, who have untiringly worked on the 
preparation of data and the editing of this 
manuscript. 

The author wishes to express particular appre- 
ciation for technical help to Dr. L. P. Herrington, 
of the John B. Pierce Laboratories, Major D. B. 
Dill and Captain A. P. Gagge, of Wright Field, 
Dr. E. E. Lockhart and Dr. Schwartz, of the 


Textile Laboratory at Massachusetts Institute 


of Technology, Dr. Dana Coman, of the Johns 
Hopkins University, and Dr. A. C. Burton, of 
Toronto, Canada. 
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ANTARCTIC TRAIL DIET 
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INTRODUCTION AND BACKGROUND 


IN view of the fact that trail rations used by 
polar expeditions have not in the past been as 
satisfactory as those who used them might have 
wished, one of the important problems with 
which the United States Antarctic Service was 
faced was the development of as fine a ration as 
was possible during the short time available be- 
fore the expedition departed for the Antarctic. 
This problem was of fundamental importance 
because of the extreme dependence of the expe- 
dition upon a concentrated, stable, and well- 
balanced diet during the period in which the 
main objectives of the expedition were being 
approached. Since this ration was to be used 
as daily subsistence by parties employing dog 
teams as the transportation unit, and as an 
emergency ration to be carried at all times by 
plane parties, the added necessity of its having 
no excess weight involved the elimination of 
This essential 


those items containing water. 
characteristic of the ration in these cases (as will 
be seen later) was not so important under the 
more normal circumstances of field operations of 


tank and tractor units. The high premium 
placed upon fuel during sledging and plane oper- 
ations demanded also the use, whenever possible, 
of precooked foods. In addition to their value 
as fuel conservers, these items would have the 
further advantage of requiring little or no prepa- 
ration before eating. 

An expedition to Antarctica from the United 
States encounters all extremes of climatic con- 
ditions. Therefore, while the low temperatures 
of Antarctic regions would have little effect upon 
food, the effect of high tropical temperatures, as 
well as normal subtropical temperatures, must 
be guarded against in some manner or other. 
Usually the refrigerated storage facilities avail- 
able in the transporting vessel are inadequate for 
large quantities of perishable foods and are re- 
served for the most sensitive items, such as meats 
and butter. The stability, then, of the various 
units in the trail ration must be taken into ac- 
count, and consequently a pemmican, the most 


sensitive and heaviest item of the ration, of high 
stability was desired. Since no pemmican suffi- 
ciently stable and inexpensive was available, the 
development of one meeting these requirements 
became necessary. 

Although the foregoing requirements are in 
themselves important, at no time during the 
preparation of a trail ration should one lose sight 
of the fact that it must be well-balanced and 
tasty in order that the men using it may be 
maintained in a state of physical and mental 
health beyond the mere sufficiency necessary 
to meet the sometimes trying conditions en- 
countered during trail operations in Antarctica. 
Consequently, since no ration was available 
meeting all of these requirements of lightness, 
high energy value, stability, nutritive value, 
tastiness, and simplicity, the problem of the 
development of such a one was undertaken. 


THE PLANNING OF A DIET 


Actually, the science of nutrition is in its in- 
fancy, but so much work has been done during 
recent years that some general precepts and 
fundamental requirements were available as 
bases from which this new diet could be devel- 
oped. The factors involved and to be consid- 
ered were these: the caloric requirement of men 
living in the Antarctic, the protein, fat, and 
carbohydrate requirements, and finally the min- 
eral and vitamin requirements. Since these 
factors vary with age, size, sex, the metabolic 
make-up of the individual, it was necessary to 
make calculations based upon a theoretical indi- 
vidual—the ‘“‘normal’” who might be met with 
on polar expeditions. This individual was as- 
sumed to be 5 feet 6 inches tall, to weigh 165 
pounds, to be healthy, and to have a basal 
metabolism rate of zero. In any instances of 
doubt a generous margin of safety was to be 
allowed. 

The basal caloric requirement of the man de- 
scribed above was taken to be 2,000 calories per 
day. It is well known that extra calories are 
necessary when man is working, the extra amount 
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depending upon the type and nature of work 
which is done during the active hours. In tem- 
perate zones, for persons engaged in moderate 
activity, about 3,000 calories per day are re- 
quired ; but in more extreme conditions of climate 
and activity, such as in lumbering camps during 
the winter, as much as 8,000 calories per day 
per man may be necessary. Table 1 is presented 
to show the caloric and protein requirements of 
men in varying states of activity. 


TABLE 1 


CALORIC AND PROTEIN REQUIREMENTS OF MALE ADULTS 


PROTEIN CALORIES 


6,000 (1)* 
3,425 (1) 
3,285 (1) 
3,120 (2) 
2,800 (3) 
3,000 (4) 
4,500 (4) 


Man at hard work 

Farmers, mechanics, etc... . 
Business men, students... .. 
Average for moderate work. . . 
Average for moderate work. . . 
Average for moderate work. . 
Active man 


177 grams 
100 grams 
106 grams 
105 grams 
60 grams 
67 grams 
67 grams 


* Numbers in parentheses are references to “Literature 
Cited.” 


It will be seen that these requirements vary 
depending upon the particular study made by 
different investigators. In our specific work we 
aimed at a daily ration containing 5,000 calories. 
This figure was suggested by Dr. Paul A. Siple 
and is based on actual and calculated values 
obtained from data supplied by reports from 
other polar expeditions. 

Until recently there was the popular concep- 
tion that the harder a man worked the greater 
the amount of protein that must be supplied to 
take care of the increased break-down of body 
tissues. This is so within certain limits. Table 1 
shows that the requirement may vary from 60 
grams to 177 grams. An even lower limit of 
40 grams has been reported (1). However, con- 
cerning these wide limits of variation Chittenden 
(1) states that self-indulgence is the main factor. 
One of the precepts which has come from numer- 
ous researches indicates that a safe allowance is 
one gram per kilogram of body weight per day 
plus a safety factor of 50 per cent to take care 
of the various types of proteins which might be 
consumed. This “standard” is now more or less 
adopted in dietary work. Nevertheless, the full 
physiological needs of the body, even during 
periods of vigorous activity, can be met if from 
40 to 50 grams of protein per day are assimilated. 
In this work we have used the “standard” de- 
scribed above. 

Less is known about the exact requirements of 
fats and carbohydrates, and since, in the pres- 
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ence of adequate amounts of protein, it is neces- 
sary only that these two types of food supply 
sufficient energy for the activity at hand, fat and 
carbohydrate were introduced into the ration to 
provide the 5,000 calories required by our arbi- 
trary decision. It should be noted that although 
fat is the best source of energy, large quantities 
in the absence of carbohydrate are unassimilated. 
Since the digestibility of fat increases with in- 
creasing amounts of carbohydrate, it was decided 
to use an amount of carbohydrate believed to be 
adequate for the complete combustion of the fat. 
The “normal” ratio of protein to fat to carbo- 
hydrate for diets used in temperate climates is 
generally accepted to be 1:1 :4, but because 
observations on diets consumed in cold climates 
indicate that a larger quantity of fat can be 
consumed with no deleterious effect, we felt that 
a ratio of 1 : 2 : 4 would not be harmful to men 
living in Antarctica. This ratio would provide 
calories in a ratio of 1 : 4:4 and would enable 
us more easily to meet the 5,000 calories per day 
requirement. As much testing as possible was 


planned to determine whether or not such a ratio 
would be harmful before the ration was actually 
put to use. 

The three minerals, the requirements of which 
have been studied over a period of years, are 


calcium, phosphorus, and iron. Although other 
minerals, such as magnesium, potassium, sodium, 
chlorine, and sulphur, as well as traces of many 
others, are essential for the continued well-being 
of man, the usual intake of food more than sup- 
plies the quantities necessary for body main- 
tenance. The amounts of calcium, phosphorus, 
and iron, however, often fall below the required 
levels, and it is therefore necessary that a more 
frequent checking of these elements be made. 
The usual figures for the minimum requirements 
(3) of calcium and phosphorus are 0.80 and 0.80 
grams, respectively. An adequate amount of 
phosphorus is usually accompanied by less than 
an adequate amount of calcium, so that particu- 
lar care must be taken that the extra calcium 
needed is supplied in some form or other. How- 
ever, since phosphorus in foods is generally less 
available than calcium, precautions must be 
taken so that at least 0.75 gram of available 
phosphorus is present in the diet. These fig- 
ures were used as bases for our ration, since it is 
assumed that the requirements would not be 
increased in cold climates, particularly for adults. 

The minimum iron level is about 10 milligrams 
per day. This level can easily be met by the 
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inclusion in the ration of high iron foods such as 
liver. Under normal conditions there is little 
danger that iron deficiencies will be induced by 
the ration which we set out to develop. 

One of the newest fields in the science of nutri- 
tion is centered on the role played by vitamins. 
Vitamins have been known for some time, and 
new accessory factors are still being discovered. 
The necessity of some vitamins in adult nutrition 
is now clearly understood. This is particularly 
true in the cases of vitamin C, which prevents 
scurvy; vitamin A, which aids, among other 
things, in keeping the respiratory tissues in 
health and in preventing night blindness; vita- 
min E, the reproductive vitamin; and some of 
the B vitamins which prevent nerve disorders 
and pellagra. The polar explorer is particularly 
interested in the availability of vitamin C in 
other than the normal sources, such as fresh 
fruits and vegetables, because he usually has to 
do without these. During recent years many 
vitamins in synthetic and concentrated forms 
have become popular at reasonable prices, but 
these with the exception of vitamin C have had 
little opportunity for test in polar exploration. 

It was planned, therefore, that through the aid 
of synthetic and concentrated vitamin products, 
this special trail ration would provide adequate 
amounts of all critical vitamins. This is the 
first time in the history of polar exploration that 
the vitamin requirements of explorers were to be 
well taken care of. 
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A few of the sledging rations used in recent 
polar expeditions are given below in tables 2 
and 3. These, it will be seen, vary somewhat 
in their actual composition but, nevertheless, 
are built around several staple items such as 
pemmican, butter or margarine, biscuit, sugar, 
and chocolate. The caloric content appears to 
be roughly the same; i.e., 4,500 calories per 
32 oz. of ration. It is impossible to prepare a 
ration weighing less than this with a higher 
energy content. The protein: fat:carbohydrate 
ratio of all of these vary, but since no reports 
are available except that the various men 
using them observed no ill effects, it may be 
assumed that these variances can be taken 
care of by the body. Although there is, perhaps, 
an ideal ratio for a ration of this type, the fact 
that the body can, in case of necessity, trans- 
form one type of essential food stuff into either 
or both of these other two, accounts, no doubt, 


TABLE 2 
TRAIL Rations Usep By OTHER POLAR EXPEDITIONS 


CALORIC 


EXPEDITION CONTENT 


RATION WT, 


Courtauld, 1935 
Watkins, 1930 
Lindsay, 1934 
Glen, 1935-36 
Rymill, 1934-37 
BAE II, 1933-35 


4,174 
6,000 
4,300 
4,400 
4,000 
5,500 


27.7 oz. 
39.4 oz. 
30.0 oz. 
32.0 oz. 
25.9 oz. 
37.5 oz. 








TABLE 3 


TRAIL RATIONS USED BY OTHER POLAR EXPEDITIONS 


Pemmican and fat cereals. . . 
er 
Bacon.... 

tin or A) or margarine 


(B) 


Yellow pea meal. ... 
Wheat flour. ... 
Dried fruits, nuts... . 
Dried vegetables... . 
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Courtauld Watkins 


Lindsay Glen 





8.0 oz. 
5.2 


10.0 oz. 
2.0 


| 8.0 oz. 
2.0 


7; 
So 


8.0 (A) 


| 2.35 
oo 


3.0 (A) 
2.0 
4.0 
4.0 


— 
wn 


4.0 (B) 
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o 
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3.0 
1.0 
— 4.0 
2.0 





KN OM WS 
nuouwwnnn 


225 — 


4.0 
| 0.5 


| 








nN 
oo 








| 
| 
| 
| 5 
a 


And small amounts of tea, coffee, pepper, salt, lemon powder, yeast. 
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for the utility of these different rations. The 
great fault of all these rations was their unpalata- 
bility and an attempt was made to eliminate this 
shortcoming in the new ration. 

From an examination of these data (table 3) 
one gets the impression that the major items 
cannot be varied if one is to have a balanced, 
nutritious, and simple ration: upon this principle 
the present work was based. 

It is realized, of course, that these rations be- 
came at times appallingly monotonous. How- 
ever, by sacrificing variety and thereby courting 
monotony of diet, one is enabled to embody in 
the ration certain relatively more important fea- 
tures, such as ease of preparation, the saving of 
time and fuel, and a standardization of routine 
which aids in efficient sledging. This relative 
adaptability of the explorer is certainly made 
manifest by his reaction to the sledging ration, 
and the success of such a ration can be judged to 
a large extent by this reaction. 

As all of the items except the pemmican are 
what one might call pure familiar foods, the 
explorer can have little objection to them. The 
pemmican, however, is, in these modern times, 
usually a mixture of concentrated foods. It is 
used as the base for the main meal each day 
and is consequently the item which induces the 
sense of monotony. In spite of this, the reali- 
zation that no variety of staples can take its 
place, leads all expeditions to include it in their 
sledging ration. The composition of pemmican 
has changed considerably since the early days 
when it consisted merely of dried meat and fat, 
although this type persisted until only about 
15 years ago when slight variations in its make- 
up were tried. The composition of several pem- 
micans is given in the following table: 


TABLE 4 
COMPOSITION OF PEMMICANS 


Shackleton—beef powder, 3 oz.; glydin (84% protein), 
1 oz.; lard, 8 oz.; oatmeal, 4 oz.; sugar, 1 oz. P = 
27.5%, F = 47.2%, C = 21.2%. Calories per oz. = 
180 

Beauvoir, Rasmussen—meat, rice, vegetables, and fat. 
P = 25.6%, F = 45.2%, C = 11.8%. Calories per 
oz. = 162 

Amundsen—meat powder, fat, 
24.7%, F = 44.3%, 
174 

Bovril—composition not given. P = 45%, F = 43%. 

BAE Il—lard, 20%; butter, 20%; oatmeal, 20%; prepared 
Armour’s pemmican (dried meat, meal, cereals, dried 
fruit, and fats), 20%; cornmeal, 20%. No analysis 
given, 


and vegetables. P = 
= 25.2%. Calories per oz. = 
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In all of these pemmicans the percentage of 
fat is much higher than that recommended for 
a balanced ration, and consequently they should 
not be used continually except when accom- 
panied by other foods high in carbohydrate, such 
as those provided in a complete ration. The 
high fat content of pemmicans provides the food 
with a high energy value per unit weight and is 
the reason for the continued inclusion of pemmi- 
can in sledging rations. Although polar ex- 
plorers would, no doubt, like something tastier 
and less rich, no food has yet been prepared with 
an equal energy content with which to replace 
it. Until such time as field parties can depend 
upon air service for the delivery of food or can 
have unlimited support of tractors, pemmican or 
some similar high-energy food will continue to 
play a dominant role in the sledging ration. 

With this background and with the advice of 
men who had had previous experience in the 
Antarctic, the problem of preparing a trail ration 
approaching the ideal was undertaken. The 
trail ration of Byrd Antarctic Expedition II was 
taken as a base, and, at the suggestion of Dr. 
Siple, some items were eliminated. Then quan- 
tities of those items finally decided upon varied 
slightly so that the final ration would weigh 


about 32 ounces and have an energy content of 


approximately 5,000 calories. Two rations, one 
by Dr. Robert S. Harris, professor of nutritional 
biochemistry at Massachusetts Institute of Tech- 
nology, in collaboration with Dr. Siple, and one 
by Dr. Dana Coman, of The Johns Hopkins 
Medical School, in collaboration with Dr. Siple, 
were ultimately worked out. For convenience 
in comparison, these rations, together with that 
used by Byrd Antarctic Expedition II, are pre- 
sented in table 5. 

Both of the proposed rations were made up of 
the same items, some of which vary slightly in 
quantity. The two new rations differ most 
greatly from the old ration by the absence of 
such items as tea, yellow pea meal, pepper, dried 
vegetables, and onion powder. As will be noted 
below, most of these latter items form an inte- 
gral part of the pemmican. Nearly complete 
analyses of these rations, based partially on data 
found in several compilations, partially on data 
presented by the manufacturers of the individual 
items, and partially on actual laboratory tests, 
are given in the Appendix. 

Most of the items in these rations are readily 
purchasable, but the biscuit, the chocolate, and 
the pemmican were given special consideration. 
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TABLE 5 
TRAIL RATIONS, OLD AND PROPOSED 


| BAEII 


CoMAN HARRIS 


1.0 oz. 
6.0 (c) 


1.0 oz. 
5.0 (d) 
2.0 
2.0 (f) 
0.75 
1.0 
0.25 
3.0 
4.0 
1.0 
10.0 
0.25 
4.0 


Lemon powder 

Milk chocolate 

Milk powder 

Ns ane dati. Shige es 
Pemmican 


Dried vegetables......... 
Onion powder 
Total weight... os vce | 37.5 oz. | 


Total calories..........| 5,500 








(a) Combined with fruit 
(b) Armour pemmican 1.5 oz. 
fat cereal 5.5 oz. 
(c) Eskimo biscuit from Eugenia flour 
(d) Eskimo biscuit from Eugenia flour 
Graham crackers (double thick), Navy bread 
(e) Oatmeal 
(f) Oatmeal or Cerevim 


Although the usual biscuits, such as graham 
crackers and navy pilot crackers, are satisfac- 
tory so far as their composition and caloric 
content are concerned, they are quite fragile. 
This unfavorable element of fragility in trail 
biscuits should be overcome so far as possible 
in order that they may withstand the rough 
handling and the shocks of sledging travel to 
which they are unavoidably subjected. Most 
of the biscuits which were examined would have 
been unable to withstand successfully long sledge 
journeys, and the cost to produce durable biscuit 
to replace the market product was prohibitive. 

However, the Loose-Wiles Baking Company 
did prepare a double-thick graham cracker which 
was used as part of the biscuit ration, and Mrs. 
Anna E. Schneider, of the Eugenia Mills, Balti- 
more, Md., devoted much time to the prepara- 
tion of a special trail biscuit. Besides being of 
exceptional quality and containing nutritive sub- 
stances in suitable quantities, this so-called 
Eugenia .Biscuit also had a physical make-up 
which gave it durability. An outline of its in- 
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gredients is given in the Appendix. Sufficient 
quantities of this biscuit were taken so that it 
would be the major type of biscuit used on the 
trail. Navy pilot biscuits and whole wheat 
crackers were also purchased to supplement the 
Eugenia Biscuit and to provide some variety in 
this part of the ration. 

The chocolate requirement of the ration was 
to be made up of three types of chocolate 
Nestle’s Sweet Milk Chocolate, Nestle’s Semi- 
sweet Chocolate, and the familiar Army Emer- 
gency Ration. The exact proportion in which 
these would be used was to be decided upon 
before the major trail work began and after some 
preliminary trials of the complete ration had 
been made. 

The pemmicans were the items around which 
much of the initial work was centered. Since 
the two pemmicans are somewhat different in 
their composition, it will be necessary to discuss 
them separately. 

As has been mentioned, one of the pemmicans 
was developed by Dr. Dana Coman, of The 
Johns Hopkins Medical School, and the other 
by Dr. Robert S. Harris and.the writer in the 
nutrition laboratory at Massachusetts Institute 
of Technology. The Coman pemmican was 
based on a formula developed by Dr. Coman in 
conjunction with Armour and Company. The 
original formula, which contains beef marrow, 
had to be modified at the last moment, since the 
very sensitive beef marrow spoiled while in 
storage and it was impossible to procure another 
shipment before the departure of the expedition. 
The formula by which this pemmican was finally 
compounded and its analyses are given in the 
Appendix. Although the original formula had 
been tested with respect to its digestibility and 
palatability, time did not permit this sort of 
testing to be carried out with the modified for- 
mula. This pemmican contains 167—168 calories 
per ounce. 

About 500 pounds of pemmican were made up 
from this formula and packed in waxed card- 
board containers. The average weight of pem- 
mican per container was 134 ounces. It was 
intended to make up an additional 370 pounds 
either during the voyage south or after arrival 
in Antarctica. However, it was found impos- 
sible to manufacture the pemmican aboard ship, 
and calculations made later indicated that this 
extra quantity would not be necessary. 

The ingredients in this pemmican are either 
in a precooked or otherwise edible condition, so 
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that the whole requires only the addition of 
water to the desired consistency before being 
consumed. With the exception of the beef suet 
all of the ingredients are stable and consequently 
unlikely to be affected by the varying conditions 
to which the pemmican may be subjected. It 
was recommended by Dr. Coman that the food 
be kept in the chill room of the vessel during 
transportation to the Antarctic; after arrival 
there, its refrigeration would, of course, be no 
problem. 

The formula for the Harris pemmican evolved 
from a number of experiments carried out in the 
Nutrition Laboratory at Massachusetts Insti- 
tute of Technology. Many types containing 
many ingredients in different proportions were 
made up by the writer and tested for taste and 
palatability by colleagues. Gradually a very 
simple formula resulted which was considered 
suitable. Such items as peanut butter, coconut 
oil, powdered whole milk, vigex, and glutamic 
acid failed to improve the flavor and were there- 
fore replaced by increasing the quantities of the 
basic ingredients. An analysis of the most suit- 
able pemmican, the composition of which is given 
in the Appendix, showed a low calcium content; 
this was remedied by the addition of anhydrous 


calcium carbonate to give the proper ratio of 


calcium to phosphorus. The moisture content 
was also determined and the caloric content 
(165 calories per ounce) calculated on the basis 
of the pemmican in its final form. 

This pemmican requires no additional cooking 
and contains a hydrogenated fat in order to pre- 
vent the occurrence of rancidity. This precau- 
tion was taken as a safeguard against any adverse 
conditions which might arise during transporta- 
tion. All of the other ingredients are quite 
stable. About 3,000 pounds of this pemmican 
were prepared and packed in waxed cardboard 
containers. Each unit contained an average of 
10 ounces. 

Although much has been learned about the 
vitamins during the past 25 years, it was not 
possible for polar explorers to take advantage of 
this knowledge until the various vitamins were 
isolated and synthesized or prepared in a con- 
centrated form. Previously, deficiency diseases 
were combated successfully by using foodstuffs 
which were known to contain relatively large 
quantities of vitamins. However, the difficul- 
ties encountered in keeping or in obtaining fresh 
fruits, vegetables, and meats were so great that 
the danger of vitamin deficiencies, particularly 
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of vitamin C, the anti-scurvy vitamin, was al- 
ways imminent. After 1930 vitamins were sup- 
plied in the form of lemon juice concentrates, 
dried yeast powder, and cod-liver oil. In 1934 


suggested to Lindsay that vitamin C as synthetic 
ascorbic acid tablets would be a valuable addi- 
tion to the ration, but evidently the vitamin was 
not used as such. In the same year Dr. Coman, 
at that time medical officer with the Ellsworth 
Antarctic Expedition, provided synthetic vita- 
min C for regular consumption. This evidently 
was the first instance of the use of a synthetic 
vitamin by an Antarctic expedition. 

Prior to departure from the United States, the 
United States Antarctic Service was provided 
with a generous donation of concentrated vita- 
mins and mineral accessories. The vitamins, in 
capsule form, were of two types—the one con- 
taining fat-soluble vitamins and the other con- 
taining water-soluble vitamins. In order that 
sufficient quantities of vitamin C might be avail- 
able (in the absence of fruits and vegetables), 
particularly during the summer sledging season, 
an additional capsule, containing water-soluble 
vitamins, was provided. These capsules assayed 
as follows: each amber capsule (fat-soluble vita- 
min) contained 20,000 I U vitamin A, 2,000 I U 
vitamin D, and some vitamin E as concentrated 
wheat germ oil; the two black capsules (water- 
soluble vitamins) contained 500 I U vitamin By, 
50 S U vitamin Be, 1,000 I U vitamin C, and in 
addition 24 milligrams of available iron. Al- 
though the exact vitamin requirements for the 
adult are still unknown, these capsules contained 
the vitamins in quantities which are, with the 
exception of the vitamin Be, in excess of the daily 
needs so far as can be determined. Only in the 
case of vitamin D is an extreme excess to be 
avoided, but the amount to be taken daily in this 
case is far below that which would be deleterious. 

This expedition, then, was the first to be pro- 
vided with an artificial source of vitamins cover- 
ing almost completely the daily requirements of 
its members. Although contributing little to 
the energy requirement, their value to men away 
from the base for months at a time was clearly 
indicated, and their inclusion in the trail ration 
was considered a necessity. It is well known 
that field parties of other expeditions have re- 
turned to their bases after several months show- 
ing no ill effects, but in this case any precaution- 
ary measure for the insurance of good health 
was not to be overlooked. 
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This, then, gives a picture of the research on 
and preparation of the trail ration that was com- 
pleted in the short time available before the 
expedition departed from Boston in November, 
1939. At that time it was felt that the effort 
expended on the project had produced a ration 
far superior in all ways to any that had pre- 
viously accompanied expeditions to either the 
Arctic or the Antarctic. Although this ration 
had not actually been tested under conditions 
for which it was prepared, no factor had been 
overlooked which might at a later date cause it 
to be altered. 

Many earlier expeditions found themselves 
faced with exactly this contingency and had to 
depend upon makeshifts, the value of which was 
doubtful and the use of which was extremely 
hazardous. Consequently, the solving and elim- 
ination of this problem to the complete satis- 
faction of all concerned permitted the staff 
members responsible for this phase of the pro- 
gram to concentrate their energies on their 
various personal research problems. 

The ways in which the trail ration served the 
expedition are many, and almost immediately 
after the North Star departed from Dunedin, 
New Zealand, it became necessary to make up 
a number of complete rations. The first orders 
called for the complete provisioning of all three 
expedition planes which were to fly at the earliest 
possible date after arrival at the Ross Shelf Ice 
Barrier. However, the unavailability of much 
of the trail food, stored in the ship’s holds, 
caused an alteration of plans by which the ex- 
ploratory flights to be made by Admiral Byrd 
would be supplied with emergency provisions. 

Six complete rations sufficient for 3 men for 
2 months were finally prepared. Several substi- 
tutions in the ration were necessary; the cocoa 
by a corresponding weight of Horlick’s Malted 
Milk Tablets, the biscuits originally decided 
upon by whole wheat crackers, and the lemon 
powder was omitted entirely. The Quick Cook 
Quaker Oats ration was increased by } pound 
per month, mainly to avoid breaking the original 
packages containing 1} lb. The chocolate con- 
sisted of a mixture of Nestle’s Sweet and Semi- 
sweet Chocolate. A packaging problem met 
with in the cases of the bacon, biscuit, dried 
fruit, milk powder, salt, and sugar was solved 
by the manufacture of bags of the appropriate 
sizes from a semi-oiled cloth. The complete 
rations were packed in large cloth-lined burlap 
bags. A supply of vitamin capsules, toilet 
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paper, matches, and meta tablets also 
included. 

The changes made did not affect either the 
caloric content or the nutritional balance to any 
great extent, and the whole was considered to be 
quite adequate to take care of any emergency 
which might arise. These rations were trans- 
ferred to the U. S. S. Bear for use during the 
several flights made along the previously un- 
explored Jacob Ruppert Coast. 

After unloading operations had been com- 
pleted and the ships had departed from Bay of 
Whales to proceed with the establishment of 
East Base, there was no further immediate de- 
mand for plane emergency rations. By the time 
a need for such rations arose, the food supplies 
had been so segregated from other expedition 
materials, that little difficulty was encountered 
in locating all of the required items. In order 
to reduce excess weight in the ration, all foods 
packed in tin containers by the manufacturers 
were repacked in paper bags. These were also 
used for other necessary repackaging. Twelve 
1-month rations sufficient for 4 men over a 3 
months’ period, together with such necessary 
accessories as matches, toilet paper, and meta 
tablets for use in the Condor, were prepared. 
At the same time, three 1-month rations for use 
in the Beechcraft were made ready for immediate 
use. These accompanied both the planes on all 
of their mapping and survey flights from the 
base. 

While West Base was being made ready for 
occupancy by some members of the group, others 
were engaged in preparing for the establishment 
of a winter seismic station to be manned by a 
party of three in the Rockefeller Mountains 
about 100 miles east. The total food require- 
ment included not only those items which would 
comprise the daily menu of the men after the 
establishment of the station, but also units of 
the regular trail ration to be used by them and 
by groups aiding them in the transportation of 
supplies and equipment. Consequently, 20 com- 
plete monthly rations were prepared in antici- 
pation of this fall operation. 

However, extremely adverse weather condi- 
tions prevalent during the month of March 
(1940), besides the inability (at that time) of the 
available mechanized transport units to negoti- 
ate the superficial snow surface, combined to 
force abandonment of the seismic station estab- 
lishment until the opening of the spring-summer 
field season. The mechanized transport units 


was 





242 ERNEST E. 
were able to proceed only some 6 miles east of 
the base, and at that point 5 rations were cached. 
These were picked up by field parties at the 
beginning of spring operations. 

During the winter night a few infrequent trips 
were made away from the base. Several times 
men sledged or skied to Little America, the site 
of Byrd Antarctic Expeditions | and Il. In 
July and August an observation camp for the 
study and photographing of auroral displays was 
established about 15 miles to the east. On these 
short trips weight conservation was not so nec- 
essary as it was in the later spring operations, 
so that for the most part pemmican was elimi- 
nated and replaced by various cuts of fresh meat 
and some dehydrated vegetables. Tea and coffee 
were also included as ‘‘extras.”’ 

The greatest problem which arose during these 
small experiences centered around the paper bags 
used for packaging some of the bulk materials. 
It was impossible to prevent the loss of some 
items such as sugar, and a broken bag of cocoa 
spoiled many of the other items. Although 


material from which cloth bags could be made 
had not been purchased prior to departure of the 
expedition, a large quantity of sheeting was 
From this the required bags of the 


available. 
necessary sizes were made. This material made 
up into excellent bags retaining perfectly all of 
the very finely divided foods such as cocoa and 
dried milk powder. Each bag was labeled with 
black wax crayon, and thus the various food 
items were located without difficulty. 

Actually there was very little use made of the 
complete trail ration during the winter night, 
and although some suggestions concerning the 
ration were made, only a few minor changes were 
considered advisable. 

About the first of September the preparation 
of approximately 80 complete units of trail ration 
was begun. The units remaining from the fall 
and winter seasons and also the units which had 
been used as plane emergency rations were gath- 
ered together and examined carefully. Nearly 
all the paper bags had been broken and the 
foods so spilled as to be unfit for further service. 
The pemmican and other properly packaged 
items were salvaged and held in reserve until the 
complete rations were ready for assembly. 

Instead of assembling each ration separately, 
the required number of units of each item was 
acquired either by packaging bulk materials in 
cloth bags or by removing from the food cache 


LOCKHART 


the items already packaged. As each item was 
made ready, it was stacked in a convenient place 
adjacent to one of the main passageways near 
the living quarters. When all items had been 
gathered at this place, it was a simple matter to 
assemble a complete ration when necessary. 

The complete rations were assembled in empty 
coal sacks which had been dried and cleaned 
before usage. This makeshift was necessary be- 
cause insufficient sugar sacks were available. 
However, this proved an advantage in that one 
coal sack was large enough to hold a complete 
ration, whereas two sugar sacks were necessary 
to accommodate a ration of similar proportions. 
Elimination of the extra sacks made certain that 
no part of a ration would become separated from 
any other part. 

Some discussion at this time of the separate 
items which made up the complete ration is 
pertinent. 

All of the bacon used both on the trail and 
at the base was obtained from Armour and 
Company, and each large portion, weighing from 
8 to 12 pounds, was encased in a tar- and paper- 
covered cloth bag. This ‘‘tropical’”’ packing was 
deemed a necessary precaution against spoilage 
during the transit of the ships from the northern 
to the southern hemispheres. Although this 
precaution had been taken, the bacon in its en- 
tirety spoiled to a certain extent. Each side 
became so covered and so penetrated by mold 
that even after a thorough washing the meat 
still retained an unappetizing flavor. It is ex- 
tremely doubtful whether the extra expense 
entailed by tropical packing was, in this case, 
justified. 

It is suggested that for ships with adequate 
storage facilities, 1-lb. packages of cellophane- 
wrapped, ready-sliced bacon would be less sub- 
ject to spoilage, relatively less expensive, and 
more easily handled than the tropically packed 
bacon provided. However, some information 
concerning the keeping quality of the cellophane- 
wrapped bacon versus the _ tropically-packed 
bacon must first be obtained. Whatever the 
cost involved, the bacon should be kept from 
spoilage. 

The biscuits used were those previously de- 
cided upon. All of the Eugenia biscuit was 
divided so that each ration contained 53 pounds. 
The remaining 3} pounds was made up in some 
instances with the double-thick graham crackers 
and in others with heavy pilot biscuit. 

The butter ration consisted of 34 units of 
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Cloverbloom pound print butter. 
butter became rancid at any time. 

Schrafft’s Leda Fountain Cocoa was used. It 
had to be repackaged in ration units from cans 
containing 5 pounds each. It is suggested that 
ready-to-use cocoa mixes might be more prac- 
ticable for trail use. 

Although two types of cereal were used, each 
ration contained only one kind. The Quaker 
Quick Cook Oatmeal was supplied as three 14-Ib. 
cans per ration. This was } Ib. in excess of what 
the ration called for, but it was considered more 
convenient not to break the packages. A unit of 
Cerevim was the other type of cereal used in 
these rations. This cereal is a specially prepared 
precooked breakfast food containing, in addition 
to the cereal, minerals in the proper nutritional 
proportions. The inclusion of this cereal pro- 
vided not only variety but also took care of those 
persons who might be allergic to oatmeal, as 
was found to be the case with one member of 
the Marie Byrd Land Sledging Party of Byrd 
Antarctic Expedition II, 1933-35. One group 
of rations was prepared containing only Cere- 
vim as the cereal. This was for use of the 
Rockefeller Mountains Geological Survey Party, 
among the members of which was one allergic to 
oatmeal. 


None of the 


The rations contained one of four different 
dried fruits—apples, peaches, apricots, and rai- 


sins. These were included to provide some 
variety in the trail diet from week to week. 

Two }-lb. cans of lemon powder were included, 
from which could be prepared a warm, tasty 
drink either for the noon stop or for the evening 
meal. In other rations this powder was used 
for the anti-scorbutic vitamin it contained. In 
the ration, containing as it does an adequate 
supply of all vitamins, the lemon powder served 
primarily as a psychological tonic. The weight 
of lemon powder also was 1 ounce in excess of 
what was called for by the ration, but here again 
it seemed preferable not to break the packages 
merely to obtain the correct figure. 

Although it was the original intention to use 
Nestle’s Chocolate, both Sweet and Semi-sweet, 
the small supply on hand was found to be insuff- 
cient to provide for all rations. Furthermore, 
it had been noted by the few parties in the field 
during the fall and winter that the sweetened 
chocolate was too rich to be eaten in quantity 
as a food. Therefore, a change was made so 
that all of the rations contained two 6-lb. cans 
of Hershey’s Army Emergency Ration D, which 
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contains, weight for weight, about as much 
energy as does the pure chocolate. In this case 
again the quantity of chocolate provided by the 
two complete packages was slightly in excess of 
the requirement but not enough to offset the 
advantage of using complete packages in the 
ration. The chocolate is put up in }-lb. pack- 
ages within the can and makes a convenient daily 
ration. It will be noted that this rationing pro- 
vides for only 6 days for 4 men. In actual 
practice this portioning of the weeks’ supply 
over 6 days did not cause any hardship and was 
more convenient for all concerned. 

The powdered milk was supplied as a mixture 
of 5 pounds of Sofkurd (M & R Dietetics Lab- 
oratories, Inc.) and 2 pounds of Klim (Borden’s). 
The Sofkurd was removed from its container and 
repacked in a cloth bag to which the Klim was 
added. This was done to provide conveniently 
one package containing all of the milk. At no 
time did this hygroscopic powder pick up mois- 
ture and become unusable. 

The ration of nuts comprised a mixture of 
peanuts and other types, such as almonds, pe- 
cans, cashews, and butternuts. The peanuts 
made up roughly 75 per cent of the mixture. All 
of the nuts were removed from their vacuum- 
packed tins and mixed before repacking in cloth 
bags. This was done to get an even distribution 
of the smaller quantities of nuts other than 
peanuts. Unfortunately, there was here in- 
volved an error in judgment, for it was later 
observed that, in spite of the prevailing tempera- 
tures, usually much below freezing, the original 
freshness of the nuts was lost by repackaging. 
The nuts remained edible, however, throughout 
the trail season, but at times a slight rancidity 
could be detected. Nuts, then, are one item 
that should, if possible, be kept in their original 
containers as long as possible. It would be well 
to provide in the ration box a cloth bag large 
enough to hold a week’s supply in order that the 
ration might be more adequately protected 
against loss. 

The pemmican was provided in waxed card- 
board cartons containing 10 oz. of the Harris 
pemmican, and 133 oz. of the Coman pemmican. 
The monthly ration was made up with either one 
type or the other. Since the ration called for 
the use of 10 oz. of pemmican daily per man, an 
appropriate reduction in the number of Coman 
units was made. The allowance per day for 


4 men was 3 units (40.5 oz.) in this ‘latter 
case. 
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While the parties were in the field, only sel- 
dom was the full ration of pemmican consumed. 
Even after travel during the most adverse con- 
ditions, and after an exceptionally exhausting 
day, about 25 per cent of the ration was uncon- 
sumed. Some parties, of course, used more than 
others; in fact, several of the parties ate perhaps 
only half of the ration. 

It was notable that less pemmican was eaten 
when a party remained,at one camp for several 
days. In one instance more pemmican was 
eaten by a party on its return trip to the base 
when the distances travelled were, on an average, 
much greater and conditions more tolerable, than 
it consumed on the outward journey when con- 
ditions were reversed. Activity, therefore, has 
much to do with the amount of pemmican used 
per day. 

The preference for the one pemmican or the 
other varied; nevertheless, both were taken in- 
discriminately, the major objection to both being 
based on their “richness.’’ Individually, the 


Harris pemmican lacked the flavor of the Coman 
pemmican, which contained, in addition to the 
basic ingredients, pepper, ginger, and thyme. 
This difference came about because of a premise 
upon which the former was prepared—that a 
neutrally flavored pemmican would be favored 


by more of the men than would a lightly flavored 
pemmican. A mixture with the more basic taste 
could presumably be flavored with salt or pepper 
or bacon fat to suit the individual taste, while a 
more highly seasoned one not only might be 
distasteful to certain individuals but might be- 
come tiring with continued use. On the other 
hand, the Coman pemmican, when prepared for 
a meal, was said to have a “greasy’’ appearance. 
This latter pemmican has a larger concentration 
of water-soluble or dispersible components, and, 
when made up with water, the solid base on 
which the fat is absorbed is removed to some 
extent, allowing the fat to separate. The fat in 
the Harris pemmican, although in approximately 
the same final concentration, is absorbed in easily 
digestible but nondispersible foods, and conse- 
quently does not separate out. It has, there- 
fore, a better psychological effect from an appear- 
ance point of view. 

These psychological factors of taste and ap- 
pearance are important, especially since the food 
might be eaten daily over relatively long periods; 
they still require study, and much improvement 
is necessary before the attainment of an ideal 
pemmican. Some makeshift improvement was 
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made by mixing the two, but even this still left 
much to be desired. 

The most important observations made con- 
cerning both the pemmican and the ration as a 
whole have to do with general palatability, 
digestion, elimination, and nutrition. After the 
trail parties had been in the field about two weeks, 
there was a general gathering in the vicinity of 
the Rockefeller Mountains. At this time there 
was a preliminary outcry by certain of the men 
that the ration was not satisfactory—that neither 
variety nor quantity was sufficient, and that 
there was some evidence of indigestibility. 

One of the parties, working separately, had, 
during the two weeks, lived strictly within the 
ration and had had no trouble which could be 
traced either to quantity of food or to digesti- 
bility. It is true that the variety and quantity 
of food to which the trail men had been accus- 
tomed at the base were lacking, and also that the 
pemmican, a new and certainly strange food, 
had produced an adverse psychological effect on 
them during the early days of the trail season. 

A closer survey of the situation revealed that 
the apparent insufficiency of food was due to 
improper rationing, and to eating other items 
in the ration to take the place of pemmican, 
presumably in an effort to curb the empty feeling 
caused by the intake of a relatively small bulk. 
This feeling had been noted by many previous 
explorers and was to be expected. Furthermore, 
all of the group, with the exception of two men 
who lived almost entirely on a ration of their 
own selection, had no complaints to make either 
about the digestibility of the food or about 
faulty elimination. There was no constipation 
and no evidence of diarrhea. In fact, some of 
the men stated that during their short experience 
on the trail their elimination had been not only 
more regular but also. more comfortable than 
while at the base. There was a general agree- 
ment that a few “extras” for an occasional varia- 
tion of the menu would be highly desirable. 

With this picture of the history and reception 
of the trail ration during the first two weeks of 
the trail season, a recommendation was made 
to the base leader for small quantities of soup 
powders, egg powder, and also for several units 
of milk powder and sugar. These items as well 
as portions of ground steak and dehydrated pota- 
toes were sent out by plane and distributed. 
The extent to which these additional items were 
used could not be accurately determined, but it 
is quite certain that the number of meals pro- 
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vided by them was small in comparison with 
the number of meals consumed by the sledging 
parties during the following two or two and a 
half months. Consequently, substantially no 
radical change had been made in the total ration 
originally issued. However, since no further 
complaints were received at the main base, all 
members of the field parties subsisted adequately 
during the remainder of the field season. 

This incident has been discussed primarily to 
indicate the adequacy of the field ration, and 
secondarily to emphasize the importance of real- 
izing that a period of readjustment in food habit 
is necessary. It is not to be expected that active 
men can change radically from one dietary, 
rather luxurious in composition, to another, 
somewhat monotonous in character, and not 
notice the difference. Different dietaries are 
prepared with definite objectives and limitations 
in mind, and it would be well to educate expedi- 
tion personnel in order that the period of physio- 
logical and psychological adjustment may be 
passed over with a minimum of repercussion. 

Several other observations concerning the 
physiological and psychological aspects of sub- 
stituting one dietary for another may be made. 
After periods varying from two to three months, 
all of the men returned from the field in a fine 
state of health. Some weight had been lost in 
all cases, but only that excess weight which had 
been acquired during the previous winter night 
when food intake was extremely high and energy 
output was average or below average. All men 
were in excellent condition and capable of travel- 
ling more than 25 miles a day without tiring 
excessively. 

As previously mentioned, no digestive troubles 
were recorded and elimination was as good as, 
or better than, during the period preceding the 
field season. Nevertheless, during the first few 
days after their return to the main base, when 
“normal” dietary habits were resumed, numer- 
ous instances of “‘looseness’’ were recorded. The 
attacks subsided shortly in all instances except 
one. In this case the intestinal upset brought 
on by the resumption of normal eating caused a 
recurrence of persistent dysentery in one member 
whose bowel movements during the field season 
had been more normal than at any time during 
the preceding two years. These observations 
again indicate the existence of an adjustment 
period coincidental with dietary changes. 

In addition, it may be stated that in spite of 
these gastro-intestinal upsets, no objections were 
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raised by any of the personnel to the dietary 
which caused them, namely, the normal base 
dietary. This experience, which is quite com- 
mon among travelers the world over, is certainly 
an important factor and must be seriously con- 
sidered in all its aspects before final judgment is 
passed on any marked dietary change. 

This field ration proved to be extremely well 
adapted to the simple preparative procedures and 
equipment available. Many of the personnel 
had had little or no experience with living prob- 
lems in the field, yet within a few days after 
departure from the main base routines, among 
them the preparation of meals, were so developed 
that actually no difficulties were encountered. 
All of the items in the field ration which required 
any preparation whatever had merely to be 
mixed with water to the proper consistency and 
heated for several minutes. This feature of the 


ration reflected the epitome of simplicity. 


SUMMARY 


This report may be summarized as follows: 
(1) a ration for use by sledging parties in Ant- 
arctica was developed and used extensively dur- 
ing our complete field season; (2) the ration was 
developed along lines suggested both by scientific 
research and by practical experience; (3) it em- 
bodied more than an adequate supply of nutri- 
tious protein, sufficient calorie-yielding foods to 
provide a total of at least 5,000 calories per day, 
and adequate amounts of important minerals and 
vitamins; (4) vitamins provided in concentrated 
or synthetic form provided adequate protection 
against any deficiencies which might otherwise 
have arisen; (5) the ration weighed about 2 
pounds; (6) it proved to be stable even though 
subjected to climatic extremes such as are en- 
countered in tropical and polar regions; (7) after 
a period of physiological and psychological ad- 
justments, it was palatable and the very few 
gastro-intestinal upsets observed at the begin- 
ning of the field trial were of extremely short 
duration; (8) the 13 items provided sufficient 
variety so that the ration did not become dis- 
tastefully monotonous even during a three-month 
period of continuous use; (9) it was easily pre- 
pared even at temperatures ranging to —35° F.; 
(10) it required only small quantities of fuel for 
its preparation; and (11) the pemmicans, which 
were the only unfamiliar item in the ration, were 
not entirely satisfactory from the point of view 
of palatability and require further development. 
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APPENDIX 


DaILy TRAIL RATION (HARRIS) 


34.25 ounces 


Item | 


1.00 
5.00 
2.00 
0.75 
2.00 
1.00 
0.25 
3.00 
4.00 
1.00 

10.00 
0.25 


Bacon 
Biscuit 
Butter 


Dried fruit. ... 
Lemon powder 
Chocolate. . . 
Milk powder. .. 
Mixed nuts 
Pemmican 

Salt 

Sugar. . 


34.25 


Ratio 1.85 


5,037 calories 


Net wt. 
28 man- 
days 

total Ib. 


Calories 


per oz. 


0.20 

0.18 

0.22 

0.03 

0.15 230 

0.00 86 
0.00 | 27 
0.18 486 
0.15 580 
0.03 170 
0.55 1,650 


183 
600 
452 
109 


183 
120 
226 


— Wwe GW OOo | 


_ 


— ~7 YI 
° ia? . 
~— 








meso wuss 
Ur noOonNnouwmwn | 
j 








0.00 


464 


5,037 


5,037 calories/34.25 oz. 


147 calories/oz. 


2,350 calories/Ib. 
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DatLy TRAIL RATION (COMAN) 


36 ounces 5,424 calories 


| 
| Calories 
Prot. Fat Carbo. | 


| : Net weight 
Item . oz. os. pay Reaction | —___—_____—. 


per 30 man-days 
per oz. total 


Pemmican 134 | 2.970 , i basic | 167.5 | 2,261 | 405 oz. or 25.31 Ib. 
Bacon 105 ; acid 183 183 30 1.88 
Biscuit .538 ; * acid 118 708 | 180 11.25 
Butter .020 . neut, | 225 450 | 60 3.75 
Cocoa 3 .162 ‘ neut. | 144 108 | 224 1.40 
Oatmeal .322 ; 7 acid 114 229 60 3.75 
NN ere a Keak ee bees 4a Ca .016 : : basic | 101 76 | 223 1.40 
Lemon powder t — ; basic | 106 27 74 A7 
Milk chocolate .400 a , neut. 156 624 | 120 
Milk powder d .801 ; basic | 145 435 | 90 
NO: MIMI 6. os cil, vekexatns ee ewrs 105 25 i acid 182 91 15 

1 a2 a a 74 
neut. | 116 232 60 











5,424 
Ratio 





Vitamin content: Mineral content: 


We ao 0 ce ss bi 7,000-9,000 Int. U. Calcium 1.27 grams Iron 0.028 gram 
250— 300 Int. U. Phosphorus 2.29 grams Copper 0.015 gram 
175— 225 Int. U. lodine 0.00004 gram 
90— 110 Int. U. 
MBG eens a se 2,100—2,200 B-S. U. 
200— 250 mgms. 


PEMMICAN FORMULA (HARRIS) 
Basic formula: 


Fat | Carbo. Water 


Prepared cereal (Cerevim) | 2s 5.22 0.75 | 16.30 

Dehydrated beef liver (pre-cooked) : 3.62 0.80 0.03 0.00 
Dehydrated beef (pre-cooked) ..-.| 30] 17.40 11.64 0.00 032. | 0.26 
Vegetable concentrate (Patten’s) 2.19 0.55 Ak 0.75 1.04 
Hydrogenated vegetable oil (Spry) 0.00 30.00 . . | 0.00 





| 
Total | 28.43 | 43.74 | 21. 38 | 2.43 


Protein: fat: carbohydrate Final analysis (recalculated for added salts and moisture 
1 : on 0.8 content): 
Calories 6.114/gram Protein Fat Carbohydrate 
173/ounce 27.2% 41.6% 20.4% 
Mineral salts added: Ratio 1 : 1.53 : 0.78 
Sodium chloride .. 1 gram per 100 grams of ee 
basic mixture ae Oe 4.3% 
Calcium carbonate (anhyd.). .0.7 gram per 100 grams of Celieaie oe 2 0.32% 


basic mixture Phosphorus......... 0.38% 


: - : : Calorie content 165 per ounce 
Moisture content (final, by direct analysis)....... 5.50% 


Ash content (by direct analysis)................. 4.25% 
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PEMMICAN FORMULA (LIGHT BASIC TYPE—COMAN) 
Per Per 
100 Ib. 370 Ib. 
Pure rendered beef suet... 32.0% 32 Ib. 120 Ib. 
Desiccated fine ground beef 
liver. . 
Soy bean flour 
Whole milk powder (Klim) 
Dehydrated pea and lima 
bean soup. . 
Dehydrated mashed pota- 
toes. . 
Derbetain 
centrate. 
lodized table salt 
(0.0005% KI). 
Fresh ground spices: 
Black pepper 
Cayenne pepper. 
Jamaica ginger. 
Thyme... 
Dried brewer's yeast 


(Bakon).. . 


12.0% 12 Ib. Ib. 
4.0% 4 Ib. 15 Ib. 
30.0% 30 Ib. 5 Ib. 


5.0% 5 Ib. Ib. 


8.0% 8 Ib. k Ib. 

vegetable con- 
8.0% 8 Ib. { lb. 
0.80% 124 oz. 
10% 
025% } oz. 
025% 4 oz. 
.0125% } 


14 oz. 


4 OZ. 


.0375% i oz. 


The present formula represents: 

Protein. . 21.5-22.0% 

Fat. 42.0-42.5% 

Carbohydrate. .29.5-30.0% 

Acid-forming factors: 12% 
Neutral: 33% 


Approximate minimum amounts of essential mineral and 
vitamin factors per 100 grams: 

Calcium. 0.320 gram Vit. A....1,100—1,200 Int. U. 
Phosphorus. .0.530 gram Bi. 20— 22 Int. U. 
Sac: < 0.00667 gram Ci 0- 5 Int. U. 
Iodine. 0.00001 gram RPh O- SInt.U. 
Copper. 0.00384 gram G... 430— 450B-S. U. 

PP... 30- 40mgms. 


Moisture... 1.5-1.8% 
Ag. osc cess + 404.5% 
Calories per oz. . . 167-168 


Base-forming factors: 55% 


Average weight of pemmican as packed: 13} ounces (383 
grams). 
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“EuUGENIA” Biscuir FROM “EUGENIA” FLOUR 


Whole wheat flour oz. 60 Ib. 
Honey. . 7} oz. 27 Ib. 
Coconut oil om ae 74% Ib. 
wet... . . 2a 34 Ib. 
Baking powder. $ Oz. 1{¢ Ib. 
Water... . 2 08. 4 qt. 


The foregoing formulas show proportions of ingredients 
used with 1 Ib. and 60 lb., respectively, of ‘‘Eugenia’’flour. 
Because of loss of water and other factors during slow 
baking, there is 15-20 percent shrinkage. 


The present biscuit gives the following values: 
8.97% 
9.75% 

. 43.20% 


Protein Moisture 
Fat. 
Carbohydrate. Calories per oz..... 


Available mineral and vitamin factors per 100 grams: 


..0.020 gram 

.0.150 gram 

. .0.0017 gram 

.approx. 50 [. U. 
approx. 300 B-S. U. 


Calcium... 
Phosphorus... . 
Iron 

Vitamin B;. 
Vitamin Be. . 


Metabolic reaction: mild acid-producing. 





ACCLIMATIZATION AND THE EFFECTS OF COLD ON THE HUMAN BODY AS 
OBSERVED AT LITTLE AMERICA III, ON THE UNITED STATES 
ANTARCTIC SERVICE EXPEDITION 1939-1941 


RUSSELL G. FRAZIER 


Medical Officer, West Base, U. S. Antarctic Service 


THE ability of the human body to adjust itself 
to various climatic conditions has made it 
possible for man to live with reasonable comfort 
anywhere on the face of the earth where he can 
obtain food, fuel, clothing, and shelter. 

Continued exposure to extremely low tempera- 
tures results in changes in metabolism, white- 
and red-cell counts, skin and subcutaneous 
structures, blood-sugar levels, blood pressures, 
pulse and respiratory rates, and even in mental 
attitudes and cravings for certain foods. 

Considerable experimentation in acclimatiza- 
tion has been carried on and is being continued 
in the “cold rooms” of many of the larger 
universities.: It is the author’s contention, 
however, that body reactions to continued cold 
can best be studied in the polar regions where 
there are present all of the stimulations necessary 
to bring about the changes. 


Much investigation has already been done in 
the tropical regions on subjects brought in from 
the temperate regions, with many body changes 


taking place. The work is most interesting and 
enlightening. While there is a difference of only 
a few degrees between the tropical and the tem- 
perate zones, an adjustment in body metabolism 
has to be made if the temperate-zone dweller 
wishes to live in the Tropics.’ 

Prior to sailing from Boston, Massachusetts, 
the expeditioners were living in an average 
temperature of 76° F. Ten months later they 
were working in temperatures as low as —76° F., 
a temperature gradient of 152° F. While not 
too comfortable, they were able to do their 
work and keep well. The change was a gradual 
one, with a continuous lowering of temperature 
from the Equator to the base camp at latitude 
78° 30’ S. 

The author, together with Dr. Earl E. Lock- 
hart, expedition physiologist, assembled all of the 
laboratory materials thought practicable to take 


3 E.g., University of Illinois, College of Medicine. 
2Price, Archibald Grenfell. White settlers in the 
Tropics. Am. Geog. Soc. Special Publ. 23. 1939, 
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along. The establishment of a laboratory in high 
latitudes is a most difficult undertaking. Only 
one who has tried it will have any idea of the prob- 
lems and disappointments. Much of the work 
over-lapped, and it was due to Dr. Lockhart’s 
untiring efforts and encouragement that a large 
portion of the program was completed. 

First, a series of white- and red-cell counts 
was made on the members of the expedition, 
starting in November, 1939, before sailing from 
Boston. The next count was made in December 
about the time the Equator was crossed. 

No counts were made during the month of 
January because of unloading operations. At 
that time the men were living on the Barrier 
in tents where solutions would freeze as fast as 
they were made up. In February the expedition 
was housed, and each month thereafter counts 
were made throughout the winter night up to 
November, 1940, covering one year on the same 
group. The blood counts were made 2 hours 
after meals and at the same period in each 
month. Standard equipment was used. 

The averages of all the counts for each month 
are shown on the accompanying graphs (figs. 1 
and 2). The increase in the red-cell count 
between December and February may be attrib- 
uted to exercise, increased food consumption, and 
long hours in continuous sunlight. The increases 
in June and July are unexplainahle, unless they 
were due to an increase of blood-sugar levels 
and adrenalin. The drop in August occurred 
probably because it was the month of least 
activity and the telling effects of the winter 
night were taking place. 

In September the sun returned, and outside 
activity increased. September was the coldest 
month. Everyone was getting ready for the 
summer’s operations; appetites increased; there 
was more exposure to cold; high blood-sugar 
levels with increased secretion of adrenalin 
resulted. 

The decrease in the number of white blood- 
cells from the time of sailing from Boston to the 
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November 1939 5,720,000 
December 1939 5,449,370 
1940 No count 
1940 5,960,000 
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ACCLIMATIZATION AND EFFECTS OF COLD ON THE HUMAN BODY 


end of April, a period of 5 months, was un- 
doubtedly due to the isolation of the group and 
the absence of infections and colds. 

One of the pleasant surprises met in the Ant- 
arctic was the absence of flu. As soon as an 
immunity to the cold germ, that had been taken 
along, had been developed, the entire group, 
with one exception, was free from colds during 
the entire period of isolation. The gradual 
monthly rise in the white-cell counts from the 
low in April is thought to be a natural one of 
acclimatization, due to body adjustment to cold, 
increased adrenalin, blood sugar, and dehydra- 
tion of the skin and subcutaneous tissues. 

Two men, traveling over the Barrier on skis 
at —72° F. for a distance of 2 miles, returned 
from the trip spitting blood from their throats. 
One developed pleurisy, without temperature. 
That lasted four days. This expectoration of 
blood was a common occurrence with men doing 
heaving breathing in temperatures below — 50°, 
and was due to the congestion of the mucous 
membranes in the posterior oral pharynx. 

Men whose work routine kept them indoors 
much of the time were practically free from 
coughs, while those working and exercising 
outdoors in temperatures as high as —30° F. 
would develop irritating coughs. The degree 
of the cough developed with the amount of 
exposure. The lower the temperature, the 
greater the cough. Being purely mechanical, 
the coughs would clear up as exposure ceased. 

The mucous membranes of the nose became 
swollen and congested on exposure to extremely 
low temperatures. The inhaled cold air precipi- 
tates the moisture in the nasal cavity and this, 
together with the mucus secreted by the irritated 
mucous membranes, causes a constant drip from 
the nose. Ice accumulates on face and whiskers. 
This condition makes it impossible to wear face 
masks that adequately protect the nose and 
mouth. As long as the men were exposing their 
faces to the cold air, the mucous secretion con- 
tinued, giving them the appearance of having a 
cold. After the inflammation subsided, the men 
would complain of their nasal passages being 
very dry. 

In doing a series of tests with Paul A. Siple 
to develop a wind-chill index in which the ve- 
locity of the wind and temperature were known, 
men were taken at random and faced into the 
wind. The elapsed time between first exposure 
and the appearance of a frozen spot on the ex- 
posed face was recorded. It was noted that 
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certain men could face the wind for a period of 
10 minutes without this white spot appearing, 
while others, at the same temperatures and wind 
velocities, would freeze up in from 20 to 90 
seconds. On investigation, these men fell into 
two groups—those who were out for long periods 
each day and the “‘seldom outs,”’ the latter group 
freezing in the shorter period. This is another 
illustration of body adjustment to cold. Those 
men more consistently exposed to low tempera- 
tures had developed a dehydrated condition of 
the skin and subcutaneous structure. Their 
skin became dry and harsh, the nails and hair 
dry and brittle. 

This dehydrated condition is probably due to 
the contraction of the small superficial vessels 
and capillaries, making them less permeable. 
The Antarctic atmosphere at 40° below zero is 
drier than that of the Sahara Desert. Then, too, 
the insensible sweat is affected by the cold. 
Although this lessening of sweat in the cold 
climates may be due to dehydration of the skin, 
it is, nevertheless, a protective measure. It is 
known that it is increased as man goes into the 
warmer climates, and it would be just as difficult 
to live in the Tropics with a dry skin as it would 
be to live in the high latitudes with a moist skin. 
Therefore, it is believed that the rate at which 
living animal tissue will freeze is determined by 
the amount of moisture in the skin and sub- 
cutaneous tissue. 

This factor of self-preservation by dehydration 
is seen in all forms of life, both animal and 
vegetable. Certain bacteria owe their lives to 
this drying-out process. Before the freezing 
temperatures come in the fall, trees send their 
sap or moisture to their roots. Seeds and nuts 
survive the cold of winter by the same process. 
Hibernating animals do not take on fluids during 
their long sleep. Ranch-raised fur-bearing ani- 
mals mature their skins much earlier during 
sarlier winters. The skin side of such pelts is 
white and dries readily, while the early-killed 
pelt is full of moisture. These homely illustra- 
tions are cited to bear out the point that, through 
dehydration, one is able to live and enjoy a 
greater degree of bodily comfort in extremely 
low temperatures than would otherwise be pos- 
sible. 

The most usual and most painful malady en- 
countered was toothache. All devitalized and 
carious teeth became painful and had to be 
extracted. As soon as cold air was brought in 
contact with these diseased teeth, the pain 
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Fic. 3. Results of frost. 


became unbearable. As the cold increased with 
the coming of winter, the alloy fillings contracted 
and pulled away from the cavities they were 
protecting. Some fell out immediately and 
others began to leak, resulting in decay beneath 
the fillings. Many good teeth were lost in this 
manner. Front teeth with large fillings and gold 
inlays became very painful on exposure to low 
temperatures. The back molars, protected by 
the tongue and cheek, were the least affected. 
Unfortunately, the equipment did not include a 
dental drill or any filling material, and the au- 
thor, not knowing the need, did not obtain any 
dental equipment except two pairs of forceps and 
two elevators. Cavities were filled with every- 
thing from litharge to babbit metal, with no 
results. 

To Dr. Siple must go the credit for devising a 


satisfactory substitute that ended many of our 
It became known as “Sipilith.”’ 
In the expedition supplies there was a sheet of 


dental troubles. 


intended for making rulers and 
straight edges. This was cut into small shreds 
and acetone. The cavity was 
sterilized and dried out with ether. When the 
“Sipilith”” hardened to the consistency of jelly, 
the cavity was filled with the substance, held in 
place with the finger until it hardened, and then 
trimmed to fit the bite. Reports are available 
from dentists from Alaska to Florida that the 


“Lumerith”’ 


dissolved in 


cavities were still in good condition months after 
they had been thus filled. Some were over a 
year old. It was not necessary to extract any 
teeth so filled. One member of the expedition 
returned with 12 such fillings. 

X-rays were taken before an attempt was 
made to extract any tooth. The patient was 
given plenty of time to make up his mind and to 
become ‘“‘willing.’”’ After about 24 hours, in 
which he would become very friendly, the job 
would be attempted. By using one-half of 1 
per cent novocaine and taking plenty of time, 
the extraction would be completed. Fortu- 
nately, very few roots were left. All hands 
turned out for the job, and the cook would brew 
a pot of coffee in honor of the occasion. The 
cook, Sigmund Gutenko, C. C. S. U.S. N., also 
acted as assistant and proved a very able one. 

The Antarctic frosts are continually claiming 
cheeks, fingers, and The 
white spots that develop on the face are watched 
for by companions. Frozen feet, and 
fingers were not usually noticed until the indi- 
vidual returned to the warmth of the room. 
The frost marks appear suddenly and are accom- 
panied by a slight stinging sensation that may 
pass without notice. They are remedied by the 
application of the warm, naked hand for a few 
One’s face is constantly peeling from 
these small burns. 


noses, ears, toes. 


toes, 


seconds. 


The thawing-out process for frozen feet, toes, 
or fingers was begun immediately by the ap- 
plication of warm hands and a slight massage, 


Fic. 4. Results of frost. 














Fic. 5. Results of frost. 


making a gentle to and fro motion simulating 
a negative and positive action as the part be- 
came thawed out, emptying and filling the 
damaged vessels. This massage would be con- 
tinued for 30 minutes after circulation was estab- 
lished. Wet dressings, continuous heat, and 
elevation of the part affected, were continued 
for 48 hours, or longer, as the necessity de- 
manded. The blisters were drained, and all 
dead tissue was removed. Finger and toe nails 
of frozen digits invariably came off. The pain 
was controlled with morphine. This technique 
was used on all cases, and only one toe was lost. 
One man had been lost on the Barrier for, 43 
hours, and on his return to camp the distal one- 
third of his foot and all of the toes were frozen 
as hard as ice. From his history they had been 
frozen for over 12 hours. The foregoing tech- 
nique was applied in this extreme case with 
favorable results. 

The practice of attempting restoration of cir- 
culation to frozen parts by rubbing with snow 
should be discouraged. The cutting action of 
the ice crystals alone rules this method out. 
Then, too, the temperature of snow is below 
freezing. 

The increased amount of adrenalin in the 
bloodstream was observed while giving local 
anaesthetics for tooth extractions. At first 8 
minims of adrenalin were used to the ounce of a 
one-half of 1 per cent novocaine solution. This 
resulted in an adrenalin shock to the patient. 
The same solution was administered to a second 
patient with a similar result. The third patient 
received only 4 minims to the ounce, which like- 
wise produced an adrenalin shock. On the 
fourth patient, 2 minims were used and still a 
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slight reaction was noted. After this, adrenalin 
was not added to the solution until midwinter, 
when 4 minims of adrenalin were again tried and 
another shock resulted. About 2 cc. of the solu- 
tion were used on each patient. 

This increase of adrenalin owing to the cold is a 
very vital factor in cold acclimatization. First, 
it contracts the arterioles, venules, and cap- 
illaries, thereby speeding up the blood flow 
through the exposed skin. It sends the blood 
back to the deeper organs to be warmed, and it 
mobilizes liver glycogen to provide for an imme- 
diate demand for additional heat. It stimulates 
cellular metabolism, and, by the contraction of 
the small terminal vessels, causes the skin and 
subcutaneous tissues to lose a great per cent of 
their water. It increases blood pressure, and 
slows heart and respiratory rate indirectly 
through the autonomic nervous system. 

A great deal of the ‘‘touchiness”’ of indi- 
viduals during the long, cold winter night is 
believed due to this increased adrenalin secretion. 
“Cabin fever’ observed by prospectors and 
trappers may be attributed to this same condition. 

During the first weeks at the Bay of Whales, 
most of the men suffered from the cold. They 
wore all of the heavy clothing that they could 
get on and were never too comfortable. Para- 
doxically, as winter approached and tempera- 
tures decreased, much of the clothing was shed. 
In some cases men who had been wearing two 
suits of heavy woolen underwear and two pairs 
of pants, wore only one suit of woolens, one pair 
of dungarees, and light windproofs. These men 


-were much more comfortable at —30° and —40° 


F. than they had been on arrival at Little 
America at 0° to 14° F. 

A new mental attitude soon develops toward 
cold on frequent and repeated exposure. One 
learns how to wear clothing, how to breathe and 
exercise. He learns that he can be comfortable 
at —60°; that he can sleep in a tent at —70° and 
still live to tell the story. He learns to respect 
cold but no longer fears it. During the second 
summer men were often seen working stripped 
to the waist at near-zero temperatures. It was 
frequently necessary to treat sun burns on men 
who had exposed themselves at 12°. 

Two years previous to the departure of the 
expedition from Boston, the author had been 
spilling sugar, but after six months of diet and 
insulin had apparently recovered from diabetes. 
Landing was made at the Bay of Whales in 
January, and March 15 found him spilling four 
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plus sugar, and back on insulin, which treatment 
was continued all winter. With the return of 
summer this sugar condition cleared up and has 
returned on only two occasions since November, 
1940. One other man spilled sugar on three or 
four occasions. He was found to be running a 
high blood sugar. The blood-sugar studies were 
carried on by Dr. Lockhart. The increase above 
normal was 13 per cent for the group run. As 
the body temperatures have to be maintained 
at a certain level in order that we may have cell 
metabolism, this increase of blood sugar is para- 
mount, and without it individuals could not 
survive in the high latitudes. 

Individuals who had an abhorrence of fats at 
home would eat butter and fat meat in great 
quantities. Appetites were increased with the 
cold. Men who normally had “picky” appe- 
tites became the best of “feeders.” 

It is suspected that the geographical distribu- 
tion of animals over the face of the globe is 
controlled by their ability to lower or raise their 
blood-sugar levels. The high-latitude group re- 


mains in the cold climates because ability to 
lower blood-sugar levels has been lost, more or 
less, while those living in the tropical regions 
cannot raise their blood-sugar levels sufficiently 
to be comfortable in the colder climates. 


Illnesses were few and far between. There 
was one case of “‘strep’’ throat, one of amoebic 
dysentery, and one of trench mouth that was dis- 
covered on our arrival at the ‘‘Ice.’’ Fortunately 
none of the maladies were transmitted. 

The throat was an old chronic condition that 
came to life on exposure to the cold. Owing to 
the continued high white count, loss of weight, 
and a general malaise, the tonsils were removed 
during the winter night with uneventful recovery. 

The amoebic dysentery developed during the 
unloading period with a history of previous 
undiagnosed attacks of diarrhea. The condition 
had existed for more than one year. After the 
expedition was housed, the patient was put to 
bed and given emetine hydrochloride and colonic 
flushings. The amoebae were demonstrated 
under the microscope after several methods had 
failed in keeping the stool warm while examining 
the specimen. The patient recovered and made 
an 800-mile sledge trip in the spring. 

Before describing the next series of experi- 
ments, it is necessary to introduce a résumé of 
the conditions under which the men of the 
expedition lived at the base, in order that the 
physical differences between the Antarctic and 
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temperate regions may be understood. The 
expedition arrived in the Antarctic during the 
summer season, and, for a period of 3 weeks 
after the ship sailed, was quartered on the 
Barrier in tents while the houses were being 
erected. 

During this time, the temperature ranged from 
near zero to 28° F. The cold stimulus was more 
or less constant. During the two months after 
the buildings were erected, the temperatures 
were continually below zero, and since the men 
still had much work to do outside, the tempera- 
ture differences to which they were subjected 
whenever they passed from the heated buildings 
to the outside, became greater and greater. By 
the end of April, when the winter night had 
begun, the buildings were covered with snow to 
the extent that a system of tunnels provided 
communication among the various units of the 
base. During the coldest months of the year, 
temperatures from 10° to 40° below zero were 
not uncommon within the tunnels, while temper- 
atures outside ranged from 30° to 76° below zero. 
After the return of the sun, temperatures rose 
steadily and on several occasions reached the 
melting point. 

Blood pressures rise sharply, and pulse and re- 
spiratory rates drop noticeably, on sudden expo- 
sure tocold. A series of 100 blood-pressure read- 
ings were made on the group, covering a period of 
6 months. Almost all of the men participated 
in this work, and several volunteered several 
times. 

Each subject was requested to strip to the 
waist and then to put on a sleeveless woolen shirt. 
Each subject sat at rest in a heated building for 
5 minutes while measurements of blood pressure, 
pulse, and respiration rate were made. These 
measurements were continued until normal 
quiescent levels were attained. The subject 
then moved quietly out into the tunnel, where 
similar measurements were made. After a 
period of 8 to 10 minutes, the subject returned 
indoors and a final series of measurements was 
taken until a normal condition was once more 
reached. The measurements were made at 
intervals of 1 minute, and a 1-minute interval 
elapsed during the movement of the subject from 
the building to the tunnel and from the tunnel 
to the building. In all cases there was a great 
rise in systolic and diastolic pressure, amounting 
to 40 to 60 millimeters; the pulse pressure, 
however, changed but little. The rise in pressure 
occurred so rapidly that the first tunnel reading 
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was about maximal, and readings thereafter 
remained at the same level or dropped slightly. 

While sitting in the tunnel, the subject felt 
noticeably a sensation of cold and often shivered 
slightly, but not violently. After returning to 


im BUILOING in TUNNEL ; BACK im BL90. 


SYSTOLIC PRESSURE 


DIASTOLIC PRESSURE 


PULSE RATE 


~ 
°° 


PULSE RATE 





MINUTES ° 10 1s 


Fic. 6. Blood pressure and pulse rate variations of 
typical subject during test period. Temperature in 
building during first and third periods of test, +70° F.; 
during second period in ice tunnel, —8° F. (See 
page 254 for description of test.) 


the heated building, he became normal within 2 
or 3 minutes. A number of control experiments 
were carried out in order to make certain that 
the rise in pressure was not due to the movement 
of the subject. The test was begun in the usual 
manner but the subject was not taken out into 
the cold tunnel. Rather, he was requested to 
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walk quietly to one end of the building and 
return. Pressure readings made directly after- 
ward showed little if any increase. Conse- 
quently, the rise in pressure comes only after 
exposure to the low temperature. The tempera- 
ture differential was at times as much as 80° or 
90° F. Both respiration and pulse rate were 
slowed between 20 and 50 per cent after exposure 
in the tunnel. These rates also returned to 
normal within a short time after the subject had 
re-entered the building (fig. 6). 

The average rise in systolic blood pressure due 
to exposure to cold was 20.5 millimeters. 

The diastolic rise was 16.5 millimeters. 

The average pulse drop was 17.5 beats per 
minute. 

The drop in respiratory rate averaged 6 per 
minute. 

Dr. Lockhart and the author would like to 
have continued these studies during the Ant- 
arctic summer. But with the coming of summer 
most of the subjects were in the field. Dr. 
Lockhart made a sledge trip to the Edsel Ford 
Mountains with the Biological Party as collector 
and dog-driver, and the author went to the 
Rockefeller Mountains with the Geological Party 
as cook, rodman, and biological collector. 

It is believed that Dr. Lockhart’s work on 
metabolism, bacteria, blood ureas, urea nitrogen, 
and blood sugars will shed a great deal of light 
on how the human body reacts to the extremely 
low temperatures of the high latitudes. This 
work should be continued after the war, for thus 
far the observations can be considered indicative 
only, and more are necessary before certainties 
can be established. 

If the author’s observations and meager work 
will create an interest in body acclimitization to 
cold and incite some group of biologists to open 
up this field, then he shall consider himself 
amply repaid for any sacrifice of time and any 
discomforts experienced at the bottom of the 
world. 
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INTRODUCTION 


THE biology staff at East Base consisted of 
Carl R. Eklund, ornithologist and assistant biolo- 
gist, and the writer, both working under the 
general supervision of Richard B. Black, base 
The other 23 members of East Base, 
especially those collecting on sledging trips, mate- 
rially aided the biologists from time to time. 

The base was established March 12, 1940, ona 
low, offshore island (lat. 68° 12’ S., long. 67° 03’ 
W.), just 100 miles below the Antarctic Circle and 
due south of Cape Horn. It was unofficially 
named Stonington Island and is one of the many 
small, glaciated islands that pepper the coastline 
of Marguerite Bay. It is located on the west 
coast of Palmer Peninsula, where great glaciers, 
separated by precipitous ridges, drop down to the 
sea from the mile-high ice plateau. One. such 
glacier adjoins the island and provides ready 
the mainland. Although the area 
is ice-bound for 11 months of the year, it is 
nevertheless a rich biological field. 

The ships departed late in March, and there 
followed an intensive period of construction work 
necessary to the establishment of the base camp. 
In early April the bay froze over, and parties 
were sent out sealing in order to provide food for 
the sledge dogs. During this period many Ant- 
arctic Terns (Sterna vittata gaini) (fig. 1) were 
seen. 

By April 15 the science building was com- 
pleted, and a small biological laboratory was es- 
tablished in it. A long work table was con- 
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access to 


' Photographs by the author. 
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structed, and facilities for using the dissecting 
microscope were set up. <A taxidermy shop was 
proposed, and arrangements were made for haul- 
ing the big airplane wing crate to a suitable posi- 
tion to serve this purpose. Biological work in- 
cluded the preparation of a Weddell’s Seal 
(Leptonychotes weddellii) embryo and the building 
of a blind upon the glacier for observing and 
trapping the South Polar Skuas (Catharacta skua 
maccormicki) (figs. 2, 3), Kelp Gulls (Larus 
dominicanus), and Giant Fulmars (Macronectes 
giganteus) that were feeding on seal scraps left 
from dog feeding. Numerous Snow Petrels 
(Pagodroma nivea) (figs. 5,6) were seen. Eklund 
secured temperatures and blood counts from the 
live birds. 

As midwinter approached, we hunted seals in 
the eerie twilight, using a large beacon on our 
home island to guide us in. Electric lights were 
also arranged for the now completed taxidermy 
shop. It fell to the lot of the biologists to furnish 
5,400 cakes of dog pemmican. This meant kill- 
ing and flensing the seals, rendering the blubber 


Fic. 1. Antarctic Tern, Horseshoe Island. 
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2. Dark and pale phases of 
South Polar Skua on Lagotel- 
lerie Island. December, 1940. 


Fic. 5. Snow Petrel, live bird cap- 
tured at East Base. 


Fic. 3. South Polar Skua on nest 
ona small island (lat. 68° 07’ S., 
long. 67° 07’ W.). 


Fic. 6. Snow Petrel, partly skinned 
to show black down beneath 
the white feathers. 
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Fic. 4. Nest and eggs of South 
Polar Skua on a small island 
(lat. 68° 07’ S., long. 67° 07’ W.). 
December 18, 1940. 


Fic. 7. Kelp Gull’s nest, with 
lining of penguin feathers. 
Lagotellerie Island, December, 


into seal oil, mixing it with prepared dog food, 
and, finally, forming the individual cakes. 

It was during this period that a large embryo 
was found in a freshly killed Weddell’s Seal. 
The umbilicus was tied off, and the specimen was 
brought to the laboratory. As an experiment, a 
few well-placed slaps were applied to the hide, 
and we were not too surprised to hear the baby 
seal start bawling. The youngster was promptly 
christened ‘‘Caesar’’ to commemorate its Caesa- 
rian origin. A bottle of milk was hastily pre- 
pared; but the seal, being quite undeveloped, 
would not take it. It also had difficulty in 
breathing, and artificial respiration had to be 
resorted to at times. After 36 hours, it finally 
expired, in spite of forced feeding and the appli- 
cation of an inhalator. It was approximately 12 
weeks premature. 

Before the end of July a cache had been con- 
structed in the glacier for storing frozen speci- 
mens. The temperature of the surface glacier 
ice kept fairly steady at about 18° F. 


1940. 


On the second of August the sun appeared 
again to us after three months’ absence, and by 
the end of the month the required pemmican 
rations were finally completed and sounding 


operations were begun. All available extra time 
during the month had been spent in constructing 
a hand windlass carrying 200 fathoms of airplane 
cable. This cable was calibrated, and each 
fathom was marked to simplify the sounding. 
Holes were chopped through 3 feet of sea ice, and 
the bulldog-snapper bottom sampler was used 
to get an average cross-section of the marine life 
along the coast. A loose nut nearly brought the 
marine research to a quick end, for the bottom 
sampler dropped to the bottom. With the aid 
of an especially designed grapple and submarine 
light, the apparatus was finally salvaged after 
many days’ work, and the marine investigations 
continued. 

On October 1 the first Kelp Gull of the season 
was noted, and by October 15 at least half of the 
observed female Weddell’s Seals had pups (fig. 8) 
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Fic. 8. Weddell’s Seal, six weeks old. 


November, 1940. 


Neny Island, 


weighing from 60 to 70 pounds. Snow Petrels 
were commoner at this season, and flocks of 
them were seen circling around the cliffs on the 
far side of Neny Island. 


Towards the end of October the first thawing 


weather arrived. At this time a special sledge 
was made, with skis instead of runners. This 
sledge was completely equipped for biological 
field work and could be easily maneuvered into 
tight places. Christened ‘‘ The Biology Express,” 
she made her maiden voyage to Millerand Island. 
More Snow Petrels were observed, and a nice 
collection of lichens was made. Some interesting 
mites were later found among the lichen material. 
During the first week of November seven men 
with five dog-sledge teams started south to begin 
the main exploratory field operations. The next 
day the trail party radioed the information that 
penguins were mating at the rookery at Red Rock 
Ridge, on the south side of Neny Fjord (fig. 9). 
A party was soon organized and proceeded to 
the scene, where for several weeks the courting 
habits of the Adélie Penguin (Pygoscelis adeliae) 
(figs. 11-15) were studied. By the middle of No- 
vember the first eggs were laid, and supplies of 
them were brought back to camp by airplane to 
freshen the diet. It was a pleasure to see eggs 
“‘sunny-side-up”’ and to get meringue pie again. 
The skuas first appeared about the same time as 
the first penguin eggs, and Antarctic Terns were 
seen a few days later. 

On one bright day an attempt was made to 


scale the cliffs of Neny Island to look for Snow 
Petrel nests. The heights were not reached, but 
tufts of moss and grass were found growing in 
cracks in the rock. We were quite surprised to 
find actual flowering plants so far south of the 
Antarctic Circle. 

I spent Thanksgiving week living alone with 
the penguins. A careful check was kept on the 
nests to determine incubation periods and sitting 
periods. Bird-banding was attempted, but no 
rings of a size to fit the ‘penguins were available. 
Great avalanches roaring down the mountainside 
threatened at times to engulf some of the birds, 


. 9. General view of Adélie Penguin rookery below 
Red Rock Ridge (lat. 68° 17’ S., long. 67° 13’ W.). 
(Official photo, U. S. Antarctic Service.) 


Fic. 10. Light tan-colored individual in flock of normal 


birds, Lagotellerie Island rookery. 
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. 11-13. 


Rock presentation in courtship procedure, November 6, 1940 (11—male approaches female at nesting 


site; 12—he bows low before her; 13—he lays the token at her feet). 


Fics. 14-15. 


“Ecstatic’’ attitude in courtship behavior, November, 1940. 


Fic. 16. Pair pecking at a foreign 
object on nesting site. 


ADELIE PENGUINS, RED RocK RIDGE ROOKERY, PALMER LAND (Lat. 68° 17’ S., LonG. 67° 13’ W.) 


but somehow they were not harmed. For a 
whole month the females fasted as they sat on the 
eggs, for no open water lay within 60 miles of the 
rookery at that time. 

A good series of lichens was collected at the 
botanically rich Refuge Islands (lat. 68° 20’ S., 
long. 67° 09’ W.) to the south of Red Rock Ridge, 
and some interesting fresh-water algae and 
swarms of Collembola were secured. Although 
the weather throughout the stay was exceedingly 
poor, the penguin rookery trip was definitely a 
biological success. 

Time was now needed to prepare specimens 
and make ready for a biological sledging trip to 
the north. During the week before Christmas 
Dolleman and I started north with 11 dogs haul- 
ing two sledges, to establish an emergency cache 
at Horseshoe Island (approximately lat. 67° 56’ 
S., long. 67’ 24’ W.) and to make a biological 
survey of the region to the north. A rookery of 


Adélie Penguins was found at Lagotellerie Island, 
(a little west of Horseshoe Island), and a camp 


was established near by. The first chicks were 
hatched on December 20, and soon their peeping 
could be heard throughout the rookery. A sur- 
prising little valley was discovered behind a rocky 
ridge, and immediately named Shangri-la Valley, 
because here alone, in a region of perpetual snow 
and ice, could one find grassy slopes and spongy 
banks of moss (figs. 18, 19). Nests and eggs of 
both the South Polar Skua and the Kelp Gull 
were found, as well as interesting aquatic life, 
including a rare fairy shrimp (Branchinecta 
granulosa (cf. Schmitt, 1945). 

The party, heavily laden with specimens, re- 
turned to the base on Christmas eve. For the 
next several days we were kept busy blowing 
and packing eggs. 

By the end of January all men had returned 
to the base and all major work had been com- 
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Fic. 17. Horseshoe Island (lat. 67° 53’ S., long. 67° 17’ 


W.). March, 1940, 


pleted. At this time large lakes of open water 
were seen at various spots along the coast, but 
the ice itself was remaining solid. Birds were 
seen in large numbers, and, with Eklund back 
from the field, collecting and preparation of bird 
specimens went ahead smoothly. Special meth- 


ods were soon evolved for properly flensing the 
specimens and cleaning the fatty skins. 


The penguin rookery was visited two more 
times, and young birds in various plumage stages 
were secured. Some live penguins were brought 
back to camp, and young skuas were also found. 
Towards the latter part of February, fishing 
through cracks in the ice furnished an interesting 


Fic. 18. 
Island (lat. 67° 56’ S., long. 67° 24’ W.). 
1940. 


December, 


Moss clumps in Shangri-la Valley, Lagotellerie Fic. 19. 
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diversion and also helped fill the specimen tanks. 
With ice conditions continuing to prevent en- 
trance of the evacuating ships into the bay, and 
with prospects of having to remain at the base for 
another year looming larger with each passing 
day, biological plans were forwarded accordingly. 
An extensive program for banding skuas was in- 
stituted. Inventories of all important specimens 
were prepared, and the specimens were packed in 
small unit boxes. These, in turn, were packed 
in a light container, for easy and convenient 
transportation in case of an emergency evacua- 
tion by plane. There followed a long period of 
waiting for developments, during which the biol- 
ogists worked hard at bird-skinning and speci- 
men-packing. In mid-March a white Giant 
Fulmar was captured and added to the growing 
local menagerie. On March 14 plans were form- 
ulated for an emergency evacuation of the base 
by plane. On March 22 the evacuation was 
successfully accomplished, and all hands and a 
necessarily limited quantity of the more valuable 
records, data, and specimens were safely on board 
the U. S. S. Bear, bound for home via South 
American ports. 

A rendezvous was held with the North Star at 
Punta Arenas, Chile, where the biologists were 
transferred to the North Star, which then pro- 
ceeded to Valparaiso, Chile. During the passage 
through the Strait of Magellan several Steamer 
Ducks were observed, and as many as 50 Wan- 
dering Albatrosses, circling the ship at one time, 
were interesting sights. At Valparaiso I re- 


A grass (Deschampsia antarctica) in Shangri-la 
Valley, Lagotellerie Island. December, 1940. 
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ceived orders to proceed to Washington by com- 
mercial steamer to bring the live Antarctic birds 
safely to the National Zoological Park, where I 
arrived on May 5, 1941. 


POLAR TECHNIQUE 


In polar regions certain difficulties, not met 
with elsewhere, arise in carrying out a biological 
collecting program. Some of the problems will 
be pointed out along with whatever solutions we 
worked out, in the hope that they may be of some 
value to future collectors. 

Certain problems arise from low temperatures 
alone. Among these are the difficulty in using 
formaldehyde at temperatures below its freezing 
point, the difficulty in skinning seals properly 
with hands encased in heavy mitts, and of secur- 
ing marine samples when the sea surface is 
frozen over. The constancy of blizzards and the 
generally inclement weather are a continual 
handicap, making good collecting days few and 
far between. It is quite necessary to have some 
sort of heated laboratory, where specimens can 
be handled as easily as possible and in some de- 
gree of comfort. One’s time needs to be care- 


fully ordered, so as to make use of good days for 
collecting and poor days for putting up and 


classifying specimens. The one great advantage 
of the cold weather is that a convenient refrigera- 
tor is always at hand for preserving specimens 
until one is ready for them. 

The seals were, of course, the most difficult to 
handle and prepare. Some of the big Weddell’s 
Seals were over 10 feet long and weighed up to 
750 pounds. Since skulls and skins are scien- 
tifically valuable, we tried to devise a good 
method of killing big seals that would harm 
neither the skull nor the skin. A shot through 
the brain from a rifle or 45-caliber pistol is the 
most convenient way of dispatching a seal, but it 
usually results in a shattered skull. <A similar 
shot through the spine will save the skull and 
dispatch the seal just as effectively. However, 
the spine of a roly-poly, squirming seal is a very 
difficult target, and usually the skin has to be 
riddled with holes before a bullet hits home. 

We finally abandoned the gun entirely. We 
took advantage of the fact that the seals could 
be approached on foot and that their snouts are 
especially sensitive. Hunting in pairs, two men 
would approach a seal sunning on the ice so as 
to cut it off from its exit hole. One man, armed 
with a club or staff (an axe handle does very 
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nicely) prevents the animal’s escape and maneu- 
vers so as to rap the beast sharply on the snout. 
The blow should be delivered with sufficient force 
to stun the seal but not hard enough to crush the 
skull. While the seal is momentarily stunned, 
the second man slits the throat and breast 
lengthwise with a sharp knife and then sinks a 
2-foot straight sword into the heart. The wound 
should be immediately opened so as to bleed 
freely, and the seal should be rolled over to drain. 
When the weather was not too cold, skinning was 
done on the spot; otherwise, the carcass was 
hauled to camp by dog team after being gutted. 

In removing the entrails, a long cut is made 
down the middle of the ventral surface from 
throat to anus, cutting through the soft ribs to 
one side of the sternum. The esophagus and 
trachea are cut off as close to the head as possible, 
and slits are cut in them for finger holds. The 
ribs are forced apart, and one man pulls back on 
the gullet and windpipe while the other cuts away 
the clinging mesenteries with a sharp knife. In 
this manner the whole set of entrails may be 
removed in one operation. 

In skinning a seal for specimen purposes, it is 
of primary importance to keep the skin as free as 
possible from blood and blubber. For this reason 
it should be done on a snow field if possible. If 
handled indoors, the carcass should be strung up 
with tackle. The best method of skinning in the 
field is first to roll the animal on its back and cut 
deep down along either side between the blubber 
and meat layers, severing the fore-flippers at the 
joint. The hind-flipper bones and tail bone are 
then sawed or chopped through, care being exer- 
cised not to damage the skin underneath. Then 
the seal is rolled over, with the skin flaps spread 
out, and, while one person drags the hind flippers 
back over the body, the other cuts between the 
meat and the blubber. In this manner the seal is 
skinned back to the neck, which is then severed, 
the full carcass being left for dog meat. 

The next step is to skin out the head and 
flippers. The knife must be sharp. The head is 
no problem; and the fore-flippers can be skinned 
out almost to the last joint without cutting the 
skin, but the hind flippers are more difficult. 
Cuts must be made in the skin just over the 
major bones, so that they can be cut out. This 
is best done from the inner surface of the flippers. 

The blubber is next removed in a series of 
operations. The skin is spread over a clean and 
even surface (table, wall, or barrel), blubber side 
up. A curved butcher knife, constantly being 
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resharpened, cuts off the blubber in hunks, keep- 
ing close to the hide, while care is taken not to 
cut into the latter. This removes most of the 
fat, which may then be rendered into seal oil by 
melting down in a vat. The remainder of the 
fat can best be removed by allowing the hide to 
freeze on a level surface and then scraping it 
carefully with a drawknife or box scraper. If 
this is done at thawing temperatures, best results 
are obtained by stretching the skin on a wall and 
using a sharp butcher knife, held with two hands, 
in a downward scraping motion. 

We generally washed our skins in a commercial 
solvent, but they should not be allowed to soak 
too long, since there seems to be a tendency for 
the hair toslip. The skins were then thoroughly 


salted and packed in open crates. 

Skulls were prepared by removing the brains 
and most of the meat, then setting them out in 
the air to dry. 

Skeletons were taken from specimens whose 


skins were not used, care being taken to remove 
the entrails without cutting the ribs—a difficult 
but not impossible job. After removing the skin, 
all the meat suitable for dog food was cut off. 
The flippers can be skinned out at leisure, and the 
skeleton then left exposed where the skuas can 
soon clean off the rest of the meat. During-the 
British expedition at McMurdo Sound, it is said, 
skeletons were lowered through the ice into sea 
water, where myriads of amphipods soon “‘ licked 
the platter clean."’ This method was not tried 
at East Base. 

Comparison tests were made between gasoline 
and alcohol type solvents in their action on seal 
oil, but little difference in their action was noted. 

As with seals, killing of penguins presented a 
small problem. They are very hard to kill. 
Needle-awls were constructed for addling the 
brains, but this method was far from efficient and 
often resulted in bloody plumage. The method 
generally used was to apply pressure to the bird’s 
side with the knee, holding it tightly for about 
five minutes, during which time the bird would 
gently expire owing to strangulation and heart 
constriction. 

Penguins were skinned through the back and 
offered no particular skinning problem. The fat 
was removed by scraping with tools prepared by 
the National Museum’s taxidermists; they were 
formed by making loops of hacksaw blades. 
Plenty of sawdust is always used. Soaking over- 
night in a commercial solvent finished the job. 
Skins were also washed in soap and water to help 
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remove stains. Special precautions should be 
taken with birds of the petrel group to prevent 
staining of the plumage by stomach oil. This is 
coughed up at the mouth when the bird is dis- 
turbed or wounded. Cotton, stuffed into the 
bird’s mouth as soon as possible after being 
taken, will prevent this staining. 

In capturing the birds alive, several methods 
can be used. For small penguins, a long-handled 
dip net is best. This can be used to ‘‘dip up”’ 
the required bird and carry it to the waiting cage. 
As penguins must have plenty of fresh air, they 
should never be placed in a tightly closed box. 
For holding the penguins at camp, an enclosure 
was made of wooden crate sections about four 
feet high. A netting should cover any enclosure 
to prevent escape, in case of snow drifting into 
the pen and forming aramp. Cord is more suit- 
able for netting than chicken wire, since the pen- 
guins are likely to injure themselves while poking 
their heads through the latter. 

Skuas were caught by simple snaring. Loops 
of cord were set on the snow, and meat was placed 
inside. When the bird stepped inside to take the 
meat, the cord was pulled from a short distance 
and the bird was caught. A similar method 
should work for Kelp Gulls and Giant Fulmars. 
The latter bird, however, if surprised after a 
heavy meal, is often too loaded to “‘ take off”’ and 
may sometimes be seized after a chase over the 
ice. However, one should be well protected from 
its powerful beak and wings if this method is em- 
ployed. A good time to catch live birds is just 
before they leave the nest, when they may be 
taken with little or no effort. 

Snow Petrels appeared to be attracted by the 
camp lights at night and were often stunned 
alter hitting a guy wire or other obstruction. 
Accordingly, an aerial trap of chicken wire was 
set up with lights as bait, but it brought us no 
birds. Posting outside lights at night and keep- 
ing a careful watch for stunned birds would 
appear, however, to be a good arrangement for 
capturing Snow Petrels. 

In feeding captive birds, fish and seal meat 
served well. Gulls, skuas, and the Giant Fulmar 
should learn quickly to help themselves to food. 
Young birds, penguins, and petrels usually re- 
quire force feeding. For young or small birds, a 
paste can be prepared of fish (sardines will do), 
egg powder, and a little milk or water. This can 
be administered by means of a syringe such as is 
used for frosting cakes. For larger birds it is 
usually necessary to force strips of fish down the 
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throat with the finger. In the case of penguins, 
it has been found that the presence of any foreign 
substance in the food, such as straw or cotton, has 
a tendency to promote the fungus growth that 
always seems to plague these birds while in 
captivity. 

Taking marine specimens at East Base was 
particularly difficult because, during the working 
season, the sea was covered by a sheet of ice 
nearly 4 feet thick. As dredging was impossible, 
work was concentrated on a snap-bucket bottom 
sampler, which operates somewhat on the princi- 
ple of a clam-shell dredge. A spring is released 
when the apparatus hits the bottom; some of the 
bottom material is scooped into the cup, and this 
can be hauled to the surface for examination. 

In carrying out the program of bottom sam- 
pling, a special sled was constructed. It carried 
a hand windlass with 200 fathoms of calibrated 
airplane cable, so placed on the sled that it could 
be supported over a hole chopped through the ice. 
Provision was also made on the sled for carrying 
various containers and accessory equipment. 
Especially important was a heavy ice chisel—an 
8-foot steel bar ending in a heavy 2-inch blade, 
forged and casehardened. By the use of this 


chisel, together with a small spade to remove the 


ice chips, a hole about 1 foot in diameter was 
driven through the ice. The sled was then 
hauled over the hole and the buckets were 
dropped. Pressure cracks and tide cracks were 
often utilized to save the labor incident to hole- 
digging. 

A fish trap constructed at East Base consisted 
of a stiff wire basket about 2 feet in diameter and 
21% feet long, with a conical trap entrance at one 
end. Baited with seal liver and dropped to 9 
fathoms, the trap was successful in catching a 
number of nototheniid fishes, besides ophiuroids, 
echinoids, and amphipods. 

A shrimp trap, constructed like the fish trap 
but on a smaller scale, was moderately successful 
in catching amphipods and a few schizopods. 
However, the region was not rich in Crustacea. 

Later in the season, when tidal action opened 
large cracks in the ice, fishes were caught on hook 
and line. About 10 feet of line tied to the end of 
a ski pole, and a hook baited with bacon rind, 
would usually do the trick. If no fishes were 
biting within 5 minutes, small pieces of meat were 
thrown in the water and the crack was abandoned 
for about 15 minutes. Usually, after such a 
period, the fishes would bite well. 


TERRESTRIAL INVERTEBRATES 


It was rather surprising to find various ter- 
restrial arthropods living south of the Antarctic 
Circle, even though Collembola had been re- 
corded before, especially near penguin rookeries. 
Two species of Collembola were found (cf. Glance, 
1945). The first (family Poduridae) was ob- 
served floating singly and in small groups in a 
trickle of water below a snow bank. Their 
source seemed to be in the algae-covered gravel 
found in cracks of the solid rock. It is especially 
interesting that this insect was found living on a 
low island exposed to the sea and showing signs 
of having been well overrun by glaciers. This 
same island also served as a nesting site for sev- 
eral skuas. Although various lichen growths 
were present, the island was not rich in flora. 
This same island was separated by about 5 miles 
of sea from the nearest mainland at Red Rock 
Ridge, where other Collembola (of the genus 
Proisotoma) were found. At Red Rock Ridge 
these insects were found in greater numbers and 
in close association with the penguin rookery. 

Near this rookery the Collembola were found 
in trickles of water from melting snow. They 
were also found under stones in the frozen and 
fertilized mud of the upper reaches of the rook- 
ery. There the sun’s thawing seemed to be just 
wakening them to life. When a pebble holding 
several was picked up, they sprang away, making 
good use of their springlike tails. 

An interesting example of swarming was no- 
ticed at Red Rock Ridge. Trickles from melting 
snow would run together to form rivulets; these, 
in turn, combined to form tiny streams which ran 
into the sea. These small watercourses all 
seemed to bear floating Collembola. At the base 
of the rookery, where these little channels leveled 
out a bit before running under the ice, Collembola 
collected in swarms so thick that they appeared 
as blotches of soot. It seemed at first as though 
they collected accidentally in small ‘‘backwa- 
ters,”’ but on closer observation it appeared that 
the swarms must occur by design or instinct. 
This flow of water had occurred during the first 
thaw in many days, and at night, with the tem- 
perature again below freezing, the water drained 
away. The next morning, the Collembola were 
nowhere to be seen. This was on November 30, 
1940. Collembola were not noticed again at Red 
Rock Ridge until the middle of February, 1941, 
when a small pond of fresh water had formed 
near the base of the rookery. This water was 
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choked with gelatinous algal material and was 
rich in rotifers. Along its edges, among rocks 
and dried algae, were found scattered Collem- 
bola. It is not known whether or not these latter 
were of a like species. 

Mites (cf. Ewing, 1945) were found more widely 
distributed than the Collembola. A common 
species (/Talozetes belgicae) was of the ‘“‘beetle 
mite’’ type, tough-skinned and slow-moving. It 
was found throughout the region among certain 
lichens, upon which it apparently feeds. Appear- 
ing dormant during the cold weather, it is wak- 
ened to life by the warm sun. Very similar to 
this ‘‘lichen mite’’ was a species (Halozetes ant- 
arcticus) found living an aquatic life among 
filamentous algae in small thaw pools. 

Another species of mite (Stereotydaeus villosus) 
was found among moss clumps. Extremely fra- 
gile and fast-moving, it is made visible to the 
human eye only by its bright red pigments. Two 
forms, one completely red and one with red 
appendages, are found in association with moss 
or very rich lichen growths. These mites seem 
to be active when the weather is too cold for the 
‘beetle mites.”’ 

No other terrestrial arthropods were found. 


FRESH-WATER FLORA AND FAUNA 


During the months of January and February 
thawing temperatures allow small pools to form 
from melting snow. 
intermittent that no sign of aquatic life is evident, 
while under favorable conditions certain pools 


Most of these pools are so 


develop an extensive flora and fauna. Proto- 
coccus or allied forms of algae are usually the first 
to appear in any damp situation. Yellow-green 
filamentous types are usually found in pools after 
about two weeks of thaw and are followed by 
blue-green forms and gelatinous thalloid types. 
By the height of the summer season, certain ex- 
posed pools are almost choked with algal mate- 
rial. Near the penguin rookery at Red Rock 
Ridge one pool had its bottom covered with a 
scum of red rotifers. Another pool had many 
aquatic mites among the yellow-green tufts. 

On Lagotellerie Island (lat. 67° 56’ S., long. 
67° 24’ W.) two small pools contained many 
phyllopod crustaceans (Branchinecta granulosa) 
(cf. Schmitt, 1945). Of two pools, side by side, 
one contained only adults, while the other con- 
tained only immature individuals in various de- 
grees of development. 

Microscopic examination of water samples will 
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no doubt show the existence of rotifers and other 
minute forms. 

Some fresh-water samples were taken: from a 
small pool, 4 by 10 feet, up to 8 inches deep, on a 
granite shelf 20 feet above the sea. The rocks in 
this pool, fed by melting snow, were all coated 
with a bright green filamentous alga. Small 
mites (Halozetes antarcticus) were seen clinging 
to the algae. They were especially common 
beneath pebbles lying on the bottom, every 
pebble taken having at least one. There were 
some almost microscopic aquatic animals of the 
trochelminth type living among the algae. A 
tiny pinkish rotifer (Philodina gregaria) was espe- 
cially numerous (cf. Schmitt, 1945). Small tufts 
of a gray-green alga were also found hugging 
large pebbles close to the bottom. 


MARINE FAUNA 


During unloading operations the shallow sea 
bottoms were visible and promised a rich field for 
study, but unfortunately ice formed before any 
dredging could be attempted. Especially notice- 
able were 5-rayed starfish, ranging from 1 to 10 
inches in diameter. Their color appeared to be a 
bright orange-brown. They clung to rocks at 
depths of 6 to 20 feet. 

Also clinging to rocks in shallow water was the 
small purple urchin and many small limpets. 
Large marine worms were seen from time to time 
crawling over the rocks. One type was about 
11% inches in diameter and about 20 inches long. 
At this time (March 15) the small bay was 
chuked with long strings of small coelenterates. 
These chain medusae were about the size of a 
fingernail and were almost completely transpar- 
ent. Fishes (probably nototheniids) were often 
seen among the rocks on the shallow bottoms. 

Later work with a bottom sampler showed 
other forms in deeper water. At a depth of 
about 50 feet seaweeds became common and mud 
was found among the rocks. In the mud were 
various worms, especially polychaetes, while deli- 
cate purple pectens rested on the mud surface. 
Ophiuroids and urchins (cf. Clark, 1945) were 
also common, as were also fishes of the noto- 
theniid type (cf. Schultz, 1945). At about 200 
feet, a bottom of bluish mud, with scattered 
pebbles, harbored an interesting series of tuni- 
cates (cf. Schmitt, 1945), also a single holothu- 
rian and several small siliceous sponges. Espe- 
cially interesting was a 3-inch nemertine worm 
(Cerebratulus corrugatus) taken on the bottom in 
193 feet of water. 
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Some idea of marine life is also gleaned from 
the examination of seal stomachs. Fishes are no 
doubt the staple food of Weddell’s Seal. Near 
East Base, 20 to 30 pounds of nototheniid fishes 
have been found in the stomach of one large 
Weddell’s Seal. In many cases the common 
amphipods (cf. Shoemaker, 1945) are found, 
sometimes along with small fragments of seaweed. 
Remains of small squids were found in seals both 
at Horseshoe Bay (lat. 67° 54’ S., long. 67° 21’ 
W.) and in the Weddell Sea (approximately 70° 
S., 63° W.). Long crocodilelike jawbones from 
an unidentified fish were also found inside a seal 
in Horseshoe Bay. This fish must have been 
similar to the long-jawed fish described later. 

During the spring months several attempts 
were made to catch fish on lines dropped through 
holes in the ice. None were caught at this time, 
but later operations showed the feasibility of this 
method. On October 3 a fish trap was lowered 
through the ice to the bottom at 50 feet. After 
two days two fish were found, and four days 
later, another one. Over a period of seven weeks, 
14 fish were caught in the trap. They were all 
of the ‘‘big-head”’ (bottom-feeding nototheniid) 
type. 


When the summer was well along and cracks 


opened up in the ice around the island through 
tidal action, fishing by hook and line was again 
attempted and several ‘‘big-heads”’ were caught 
off the shallow bottom. Later a surface-feeding 
fish was caught in fair numbers about 100 feet 
from shore. In March, 1941, two fishermen 
would bring in at one time as many as 30 fish, 
representing two kinds of nototheniids. The fish 
were first attracted to a crack in the ice by drop- 
ping in ‘‘chum”’ (usually chopped-up seal meat or 
liver), after which they readily took the baited 
hook. 

From the few fish stomachs that were exam- 
ined, small amphipods, other crustaceans, and 
limpets appeared to be the staple diet. The 
limpets were apparently swallowed shell and all, 
but it is not known whether the hard shell dis- 
solves in the stomach or is regurgitated. <A sin- 
gle unidentified fish of the order Jugulares was 
caught on a hook; sea-green in color, it has a pro- 
truding lower jaw and a pointed operculum. 


ADELIE PENGUINS 


Within a 35-mile stretch of Antarctic coastline 
that includes the East Base, there are two 
rookeries of Adélie Penguins (Pygoscelis adeliae). 


5 


x 


One, at Red Rock Ridge (lat. 68° 17’ S., long. 
67° 13’ W.) (fig. 9), has approximately 1,200 
birds, and the other, at Lagotellerie Island (lat. 
67° 56’ S., long. 67° 24’ W.), has approximately 
1,500. I made several trips to these rookeries 
during the breeding season. 

The courting procedure (figs. 11-15), consist- 
ing of the presentation of rocks to the female, 
commenced soon after the first birds arrived at 
the rookery. Some males were more ambitious 
than others and would collect huge piles of 
pebbles, carrying one at a time. Others would 
bring larger rocks and be contented with only a 
few. It takes the average male from % to 5 
minutes to gather one pebble, depending upon 
the distance he goes and the difficulty he has in 
threading his way between scores of females 
fiercely intent on guarding their own piles. A 
small cardboard box was dropped into an incom- 
plete nest, and both owners promptly pecked at 
it with strong strokes of their beaks (fig. 16) until 
it was knocked away from the nest site. No 
definite evidence was secured relative to the 
bird’s preference for gayly colored rocks over 
plain ones, since almost all the pebbles were 
about the same shade of brown. Some birds 
seemed to have special preferences for rocks of 
the same size, either large or small, while others 
chose rocks of indiscriminate sizes. 

Throughout the breeding season, and espe- 
cially during the mating period, the birds are 
likely to assume ecstatic attitudes on the least 
provocation (figs. 14, 15). One bird will usually 
start the actions and others will follow, until this 
behavior spreads over an entire section of the 
rookery. There was a temptation to compare 
these penguins with dogs barking at the moon. 

The ecstatic attitude begins with the penguin 
tilting its head back and stretching its neck in an 
apparent effort to lift the point of the bill as high 
as possible, as though trying to balance an imag- 
inary ball on it—seal fashion. In accompani- 
ment to this action, the flippers are waved back 
and forth in unison, with the stately motion of a 
heron in flight. Now a drumming sound is 
emitted from the throat (one can see the pulsa- 
tion), which increases in intensity and gradually 
changes into a guttural ka-ka-ka-ka, reaching a 
crescendo and then dying away. This is usually 
followed by a bending of the head down between 
the legs or under a wing, nodding it from side to 
side, while several gruntlike sounds are uttered: 
urunh, urunh, urunh, urunh. No difference was 
noticed between actions of male and female. 
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Fic. 20. Adult showing fold in plumage for covering egg, 


Red Rock Ridge Rookery, Palmer Land. 


After the eggs are laid, they are often bared for 
a few moments while the parent indulges in some 
ecstatics. 

During the week of November 23-30, 1940, a 
careful check was kept on 34 penguin nest sites. 
Females sitting on the nest never seem to eat. 
Bits of snow were placed before females unre- 
lieved from their nests in over 65 hours, but the 
snow was not touched. When light snowflakes 
were falling, however, the birds were. noticed 
opening their beaks in a yawning attitude, and it 
is presumed they were trying to catch some of 
the flakes. 

In one case a bird accidentally knocked an egg 
from the nest, and it rolled about 15 inches. 
The bird seemed to see the egg and recognize it, 


Fic. 21. Fic. 


Pair at nest at commence- 
ment of egg-laying. 


Turning the egg. 


but clung to the egg in the nest, making but one 
half-hearted attempt to reach the lost egg with- 
out budging from the nest. The egg was left out 
in the air (at 28° F.) for 10 minutes and then 
marked and returned to the nest. 

The above incident led to some experimenting. 
Eggs were put within reach of a bird guarding a 
nest with one egg (the other having been re- 
moved). These eggs were drawn into the nest 
one by one until there were four in all, one being 
left out. The only egg (just laid) of one bird 
was removed and placed about 1 foot down-slope 
from her. Sitting on the nest, she stretched out 
her neck and carefully rolled the egg back up and 
into the nest. When another egg was placed in 
the same position, she pecked at it until it rolled 
off down the slope. Eggs placed near sitting 
birds with two eggs were nearly always pecked 
at, some being actually broken. When eggs were 
placed beneath sitting birds, they went on turn- 
ing the extra eggs as though nothing had hap- 
pened. When eggs were placed in eggless nests 
with male attendants, no attention whatsoever 
was paid them. In nocase did any female budge 
from her nest to recover an egg. Only if it were 
in reach of her nest would she roll it back into 
the nest. 


At one nest a penguin, probably a young fe- 
male, always showed more fear than fight when 
aroused by any disturbance, thus acting quite 


unlike her many sisters. She finally deserted her 
nest of two eggs, and since the eggs disappeared, 
it is assumed they were taken by South Polar 
Skuas (Catharacta skua maccormicki). The cause 
for desertion might be attributed, however, to the 
fact that one egg was cold—having been removed 
from the nest for ten minutes as an experiment. 


Fic. 23. Female standing over the 


egg. 


Apéiiz Pencuins, Rep Rock RipGE Rookery, PALMER LAND (Lat. 68° 17’ S., Lona. 67° 13’ W.) 
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No external sexual dimorphism was found in 
the Adélie Penguin. When mates were together, 
the female could always be recognized because 
she would stubbornly stick to the nest while the 
male would desert it, sometimes to attack but 
more often to retreat. In every case tested, 'the 
male showed more disposition to retreat and the 
female more stubborn resistance. For example, 
when a male is on the nest with the female near 
by, the least disturbance brings the female to the 
nest, which the male promptly vacates for her. 
It was noted that in all cases only the female sat 
on the nest until both eggs were laid, although the 
male was usually in attendance. In almost every 
case the male left the female at the nest after the 
first egg was laid and headed out over the ice 
towards the nearest open water. Three of these 
males were observed heading westward. They 
were followed through binoculars for about 6 
miles and apparently covered the distance in 
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about 134 hours, stopping from time to time but 
always pushing on. The birds finally disap- 
peared behind a large iceberg, but they no doubt 
continued on much farther. The nearest open 
water was approximately 80 miles away and in 
the direction the birds were headed. Most of the 
males apparently do not return until about the 
time the chicks are hatched, since the rookeries 
are practically devoid of males during the inter- 
vening period. This means a fast of almost six 
weeks for the brooding female. 

By the time the chicks are hatched in late 
December, open water is much closer, owing to 
the seasonal break-up of the ice. When the 
young birds’ appetites are the greatest, open sea 
usually adjoins the rookery. As the appetites of 
the growing chicks start taxing the strength of 
the providers, community nurseries are formed. 
These_groups_correspond pretty well with the 
physical divisions of the rookery, and hold from 
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Fics. 24-29. Adult feeding young. 
Ap&é.re PenGcuins, Rep Rock RipGE ROOKERY, PALMER LAND. 
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20 to 300 fledglings apiece. From one to five 
adults stand on guard at each community and 
keep the young birds herded into a compact 
group. By this means both parents are free to 
provide food, instead of just one. A number of 
skuas are always hovering about the rookery, and 
if a young penguin should wander from the fold, 
he would be promptly dispatched. 

Adult penguins are constantly arriving at the 
rookery laden with food. They are greeted with 
much uproar by the young ones, until one or two 
birds are singled out to receive a meal. Feeding 
is by regurgitation and is well shown in the series 
of photographs obtained (figs. 24-29). 

The young penguins start to molt the dark 
gray down feathers toward the end of January, 
the first sign being a whitish throat patch. As 
soon as the molt is complete, the birds, now in the 
white-throated juvenal plumage, start wandering 
away from the rookery. During the molt most 
of the adult birds leave and head out to open sea, 
while the young birds wander in small groups 
along the coast, eventually following the lead of 
the older birds. 

During the Antarctic winter the Adélie Pen- 
guins keep to the open sea as a rule, using floating 
ice for bases. Food is evidently plentiful, and 


a thick layer of fat or blubber is taken on just 
beneath the skin, perhaps not so much for 
warmth as for food storage to enable the birds 
to hold out during the long fast at the next 
breeding season. 


CHRONOLOGY OF PENGUIN ROOKERY AT RED Rock 
RipGe, ANTARCTICA, 1940-41 


November 1. 

November 5. 
mates. 

November 8. Nest-building. The rookery is almost full. 

November 15. Copulation period. Some birds have al- 
ready laid eggs. ‘The first skuas arrive. 

November 28. Incubation period. The last eggs have 
been laid, and only a very few males remain at the 
rookery. 

December 19. 

January 5. 

January 29. 
down, 

February 16. Five out of every six birds have completed 
molt and left rookery. 

March 15, Only a few old adult birds left; a!l molting. 


Penguins are arriving at the rookery site. 
Mating period. Birds are choosing their 


The first chicks are hatched. 
Community nurseries are started. 
Majority of chicks have started to molt their 


MAMMALS 


The only mammals recorded at East Base were 
Weddell’s Seal (Leptonychotes weddellii) and the 
Crab-eater Seal (Lobodon carcinophagus). A 
series of 39 skins, skeletons, and skulls was pre- 
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pared, and a fairly complete series of embryos, 
taken throughout the year, was preserved. It is 
regretted that these specimens had to be aban- 
doned because of the emergency evacuation, and 
thus no extensive notes are available. 

Weddell’s Seal was present in the vicinity of 
East Base throughout the year in varying num- 
bers. Approximately 150 were killed for dog 
meat. As a general rule, the seals were skinned 
and gutted on the spot, only the carcasses 
being brought in. 

At the pupping season in October, seven fe- 
males appeared at the glacier tongue about 114 
miles from the camp and successfully raised one 
pup apiece. The mothers kept within 100 feet 
of natural open cracks in the ice and were always 
separated from each other by about the same 
distance. Pups when born were estimated to 
weigh about 60 pounds, and by, the end of their 
first year they should weigh close to 400 pounds. 
The maximum weight for a Weddell’s Seal in the 
region of East Base is about 800 pounds. Below 
is given the weight distribution in an average 
120-inch (nose to hind flipper) Weddell’s Seal 
(taken June 28, 1940): 


Meat and bomes............. 
Skin (70% blubber) 

Blood and entrails........... 
Embryo (in sac) 


296 lb. 
268 |b. 


70 Ib. (approx.) 


Weight of live seal 658 lb. (approx.) 


A striking feature of Weddell’s Seals is the 
prevalence of internal parasites and disease. 
Not one adult seal was killed that was not badly 
infested with nematode stomach worms and 
cestode intestinal worms. In some cases the 
passages were so choked with worms that it 
seemed a wonder that the animal lived. In 
badly infested animals worms were even found 
in the meat layers. A young pup was the only 
Weddell’s Seal found without internal parasites. 
A nasty skin disease was found affecting many 
males, and large, festering sores were noted 
around the opening for the penis and at the 
‘“‘armpits.’”’ This disease was particularly ob- 
noxious during the summer months. 

A number of Crab-eater Seals were found near 
East Base when open water was close by, but 
later in the season none were seen, with the 
exception of two taken on June 19, 1940. At 
that time the ice was approximately 9 inches 
thick. No Crab-eater Seals were seen the fol- 
lowing summer, since the ice remained solid in 
the vicinity of the base. 
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BOTANY 


Antarctic terrestrial flora is usually considered 
limited to lichen growths and odd outcrops of 
mosses. Near East Base, however, a grass and 
another unidentified flowering plant were found. 
These records probably mark the far southern 
limit of these species, since their ranges were not 
thought to extend below the Antarctic Circle. 

Over 100 specimens of lichens and mosses were 
secured and should contain a good cross-section 
of the regional flora. When they are compared 
with similar collections taken at the Rockefeller 
and Edsel Ford Mountains by the West Base 
party, at the Melchior Archipelago north of East 
Base, and in Patagonia, some new evidence is 
likely to be brought to light regarding the theory 
of an ancient land bridge connecting Antarctica 
with South America and New Zealand. 

The vegetation near East Base was notable 
mainly because of its scattered occurrence. Cer- 
tain places, such as Cape Calmette and the 
Refuge Islands, have extremely rich lichen 
growths, while Red Rock Ridge and Neny Island, 
in the same region and under similar conditions, 
have very sparse lichen growths. Samples of the 


rock were taken, and it is hoped that future re- 
search will throw some light on distributional 


problems. 

A moss-covered valley on Lagotellerie Island, 
surrounded on all sides by ice and snow fields, was 
a most amazing discovery. The situation of this 
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little canyon tends to concentrate the sun’s heat 

and furnish shelter from the wind; the snow 

melts quickly and trickles of running water keep 

the moss beds moist. Two kinds of moss, a 

small flowering plant, and a grass (Deschampsia 

antarctica) were found (figs. 18, 19). The area 
covered with the vegetation is nearly an acre in 
extent. 

The lichen collections are to be sent to Dr. 
Carroll W. Dodge, of the Missouri Botanical 
Garden, for identification. Mosses and flower- 
ing plants will also be placed with specialists for 
determination. 
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INTRODUCTION 


Or the year spent on the ice at Little America 
III, the West Base of the United States Ant- 
arctic Service Expedition, a comparatively brief 
period was available for the collection of speci- 
mens. Since the first few months were spent in 
rather feverish activity to get a base established 
before winter night set in, little time could be 
spared for collecting, and biological work had 
to be limited to incidental observations. Hence 
all collecting was done during the spring and 
summer (October—March) of 1940-41, after life 


reawakened in the Antarctic. 


Fic. 1. 


Since only one biologist was assigned to West 
Base, little could have been accomplished with- 
out the whole-hearted co-operation of the entire 
personnel. In particular am I appreciative of 
the interest and splendid work of Roy G. Fitz- 
simmons, Orville Gray, and Clyde Griffith, and 
of the assistance of the members of the trail 
parties in making collections. 

The West Base collections are from several 
localities: the Bay of Whales, in the vicinity of 
the base; King Edward VII Land and Marie 
Byrd Land, reached from the base by dog team; 
Discovery Inlet, to which the U. S. M. S. North 
Star made a special trip to obtain live specimens; 
and the Melchior Archipelago, which, though 
not in the area of West Base, was investigated 
by members of that base during the ship’s 
anchorage there while waiting to evacuate East 
Base. Little opportunity was had for collecting 


specimens at sea, because of the 11-knot speed 
of the ship. 


wig ol 


Oficial U. S. A. S. photo. 


The Biological Party (left to right: Lockhart, Perkins, Richardson, Columbo). 
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Oficial U. S. A. S. photo. 


Trail Camp, showing two orange tents and connecting cook fly. 


Fic. 3. 


The route of the Biological Party (fig. 1) from 
West Base to the Edsel Ford Range in Marie 
Byrd Land has been described by Siple on pages 
26-27 of the present volume. 


ORNITHOLOGY 


For purposes of this report there has been no 
attempt to distinguish between Antarctic and 


Subantarctic birds. Those collected or seen on 


Site of cache on Mount Iphigene in Edsel Ford Range. 


Official U. S. A. S. photo. 
Mount Marujupu in background. 


the Antarctic Continent or offshore islands or 
in neighboring waters have been considered 
Antarctic birds. 

Since the bird specimens were collected either 
by members ef the base during the absence of 
the biologist, or by the biologist after his return 
from summer field operations, there was insuffi- 
cient time to prepare skins of them all. And, 
since there were excellent cold-storage facilities 
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aboard the North Star, most of the specimens 
were brought back in a frozen condition. There- 
by the entire specimens were made available for 
study in the museum. 


LIST OF SPECIES 
Aptenodytes forsteri G. R. Gray. Emperor Penguin 
Figures 6-9 


Only two single birds of this species were seen 
in the Bay of Whales area in February, 1940. 
However, personnel on board the U. S. S. Bear, 
during an exploratory cruise to the east in 
January, 1940, observed a large number along 
the coast of King Edward VII Land. 

In late November, 1940, a group of some 150 Official U.S. A. S. photo. 
of these birds were seen about 6 miles west of Fic.6. Emperor Penguins “tobogganing,”’ Bay of Whales. 
West Base. About thirty of them were cut out 
of the flock and driven over the ice to the base, . brought back alive to the United States. Two 
where they were killed for specimens. Two more were captured for live specimens in Dis- 
other birds, just beginning to molt, were captured covery Inlet. One of these, a second-year bird, 
in the Bay of Whales in January, 1941, and was captured on January 23 before molting had 

started. It took just about two weeks for the 
process to be completed. No specimens were 
seen after leaving Discovery Inlet. 

The Emperor Penguins, which were particu- 
larly desirable for habitat mounts in the museum, 
were killed by pithing, care being taken to 
prevent blood stains. The bodies were then 
frozen and placed in frozen inflated balloons, 
which were then relaxed to conform to the 

ee bodies of the birds, and refrozen. This method 
TO ti a . oa oa kept the birds clean and the feathers undisturbed. 
wi <. % 
lid gue Pygoscelis papua (J. R. Forster). Gentoo Penguin 


) fic tc fe tS 0. 2 - = 
reestpialedaianletaa tia First seen swimming off Dallman Bay, Palmer 


Peninsula, on February 25, 1941. They were 
traveling in small groups and very much re- 
sembled porpoises in their method of swimming. 
They were seen as individuals or in pairs in 
Andersen Harbor, and six were taken for speci- 
mens. Four reached the United States alive, 
while the other two died en route. 


Fic. 4. Emperor Penguins climbing upon the ice, Bay 


of Whales. 


Pygoscelis adeliae (Hombron and Jacquinot). 
Adélie Penguin 


The only penguin seen from the Bay of Whales 
to the Melchior Archipelago. Fairly common 
in bays and on floe ice but becoming more rare 

in Melchior Archipelago. Nowhere were large 

Oficial U.S.A. S. photo, Concentrations of these birds seen. Found 

Fic. 5. Large group of Emperor Penguins on the ice, usually near the edge of the ice, as would be 
Bay of Whales. expected, but one was captured 81 miles east of 





Official U. S. A. S. photo. 


Fic. 7. Small group of Emperor Penguins, Bay of Whales. 


Official U. S. A. S. photo. 
Fic. 8. Emperor Penguins in courtship bowing attitudes, 


Bay of Whales. 


West Base near the Rockefeller Mountains and 
at least 45 miles from the nearest open water. 
An unsuccessful attempt was made to bring 
several live specimens to the United States. 


Pygoscelis antarctica (Forster). 
Figures 10-11 


Ringed Penguin 


Seen on ice floes off Antwerp Island, Dallman 
Bay, and very abundantly in Melchior Archi- 
pelago. Many of the small islands are used as 
rookeries, but at the time of our visit all breeding 
activities were over. Most of the birds were 
molting or had just finished. A number were 
captured alive, and an unsuccessful attempt was 
made to bring them to the United States. 


~ 
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Diomedea chrysostoma Forster. Gray-headed Albatross 


Seen in rather large flocks some 15 miles 
northwest of Victor Hugo Island (one of the 
Biscoe Islands), February 24, 1941. From the 
large number of birds, their concentration at 
this point, and the fact that this date falls 
within the reported breeding season, it is thought 
quite probable that there is a rookery on Victor 
Hugo Island. 


Macronectes giganteus (Gmelin). Giant Fulmar 


Seen over the pack ice in the vicinity of 
Adelaide Island, February 24, 1941, and in 
Andersen Harbor, Melchior Archipelago, in 
March, in both the white and the brown phases. 
Single birds only were seen, flying quite a 
distance from the ship. 


Daption capensis (Linnaeus). Cape Pigeon 


First observed in the vicinity of New Zealand. 
Followed the ship to the pack ice, but was 
never seen in the Bay of Whales. Observed all 
along the Antarctic Circle en route to East 
Base and northward to Cape Horn. One bird 
collected in Dallman Bay, near Melchior Islands, 
February 25, 1941. 


Priocella antarctica (Stephens). Silver-gray Fulmar 


Very common, following the ship from Scott 
Island eastward along the Antarctic Circle to 
Adelaide Island. Never seen in the Bay of 
Whales or in Andersen Harbor. 


Oficial U. S. A. S. photo. 
Fic. 9. Emperor Penguins in courtship bowing attitudes. 
Bay of Whales. 
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Official U. S. A. S. photo. 


Fic. 10. Ringed Penguins, Lystad Island, Melchior Archipelago, Palmer Land. 


Official U. S. A. S. photo. 


Fic. 11. Ringed Penguins, Lystad Island, Melchoir Archipelago, Palmer Land. 
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Thalassoica antarctica (Gmelin). Antarctic Petrel 


Figure 12 


A common bird over the pack ice. Seen 
continuously along the barrier edge to Discovery 
Inlet and along the Antarctic Circle from Scott 
Island to Adelaide Island. First bird of the 
spring noted October 19, 1940, 37 miles east of 
West Base. Later seen in abundance about the 
Rockefeller Mountains, where, on December 18, 
1940, a rookery was found on Mount Paterson. 
Eggs, which are apparently the first of this 
species ever to be described (cf. Friedmann, 1945: 
308), were taken, as were several of the adult 
birds. It was found that incubation had just 
begun. Farther inland only one more pair was 
seen: these were flying over Peak 5204 of the 
Raymond Fosdick Mountains in Marie Byrd 
Land. 


Fic. 12. 


Fic. 13. 


Pagodroma nivea (Forster). Snow Petrel 


Figure 13 


This species is, in my opinion, the most 
characteristic bird of the Antarctic. Except for 
the concentrations of skuas in the vicinity of the 
base by reason of sealing operations, the Snow 
Petrel was seen more often and was more 
generally distributed on the continent than any 
other bird. It was seen only over the continent 
and its surrounding waters. Even when the 
skuas were grounded owing to poor visibility, 
the Snow Petrel was seen, almost indistinguish- 
able in the milky haze except for its black beak, 
feet, and eyes. It was the first bird seen in the 
It was 


spring, a pair being noted September 12. 
not seen again until October. 

In addition to a rookery already known to 
exist on Mount Helen Washington, a new one 


Official U. S. A. S. photo. 


Eggs of Antarctic Petrel, from Mount Paterson, Rockefeller Mountains, Edward VII Land. 


Official U. S. A. S. photo. 


Eggs of Snow Petrel, from Rockefeller Mountains, Edward VII Land. 
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was found on Mount Paterson, December 18, 
1940, and eggs and birds were collected from 
both. Incubation was fairly advanced in both 
groups of eggs. 

A new rookery was found on Mount 
Marujupu in the Raymond Fosdick Mountains. 
Birds were collected from the nests, which were 
merely protected nooks under rocks on a talus 
slope. Ovaries were found to be enlarged but 
no eggs were found (November 27). Although 
numerous birds were observed in the vicinity of 
Mount Grace McKinley and the Claude Swanson 
Mountains, no rookeries were found in those 
localities. 


also 


Oceanites oceanicus exasperatus Mathews. 
Antarctic Wilson’s Petrel 


This bird was observed occasionally in the 
vicinity of West Base and in the interior of the 
continent east of that base. During the fall of 
1940 the last one was seen on February 2 in the 
vicinity of West Base. The next to be recorded 
was on December 17, 1940 (summer), about 
250 miles east of West Base. The largest num- 
bers of individuals of this species were seen in 
Andersen Harbor, Melchior 
March, 1941, feeding on 
ship. 


Archipelago, in 
refuse from the 


Garrodia nereis (Gould). Gray-backed Storm Petrel 


Seen on the 180th meridian near Scott Island 
on February 4, 1941, and for several days after- 
ward along the Antarctic Circle east of Scott 
Island. 


Phalacrocorax atriceps bransfieldensis Murphy. 
Antarctic Blue-eyed Shag 


Seen in rather large flocks in Andersen Harbor, 
Melchior Archipelago. They seemed rather 
restless and flew back and forth through the 
channels of the harbor, alighting in the water or 
on the rocks for short periods and then taking 
off again. They gave the impression of a flock 
of birds ready to migrate. Occasionally seen in 
small groups all the way into the Strait of 
Magellan. Three were caught alive, but when 
penned, they fought so ferociously among them- 
selves that they had to be killed. 


Chionis alba (Gmelin). Sheathbill 


One specimen seen and 
Andersen Harbor, Melchior 
March, 1941, but not captured. 
in the vicinity of Cape Horn. 


photographed in 
Archipelago, in 
Quite common 
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Catharacta skua lénnbergi Mathews. Brown Skua 


In the Melchior Islands certain of the skuas 
seemed to fit the description of this subspecies 
rather than C. s. maccormicki, but it is quite 
possible that they merely represented a color 
variation. 


Catharacta skua maccormicki (Saunders). 
South Polar Skua 


Fairly common off the coast of New Zealand 
and Antarctica. There were large concentra- 
tions of them around the Bay of Whales because 
of the sealing operations conducted at the base. 

The birds are extremely voracious. A seal 
killed and left in the open was subject to im- 
mediate attack. They would eat the eyes out 
of it and then tear through the heavy skin to 
gorge themselves on blubber and flesh from the 
neck and shoulders. They exhibited very little 
fear, and on the approach of man would merely 
fly off a few feet to sit on the snow and await the 
opportunity to return to the meal. On one 
occasion a skua carried off my sheath knife, 
which had been left on the snow beside a dead 
seal, and only dropped it when other birds tried 
to take it away. There were instances when 


they were observed carrying off trail flags, placed 


in the snow to mark the trail to the sealing 
grounds. 

On several mountaintops in the Edsel Ford 
Range disgorged bones and feathers of the Snow 
Petrel ‘were found. These could be attributed 
only to the skua. On December 18, 1940, eggs 
were collected from nests on Mount Paterson 
and found to be well on their way toward 
hatching. Although numerous single and paired 
birds were seen about the mountains of Marie 
Byrd Land, nowhere were there concentrations 
large enough to indicate the presence of rookeries. 

In the vicinity of the Bay of Whales the last 
bird of the fall was seen on March 17, 1940. 
The first bird seen in the spring was captured 
below the escarpment of Mount Grace McKinley, 
November 14, 1940. Apparently it had just 
arrived from a long migration flight, for there 
was a total lack of fat under the skin and the 
only thing contained in its stomach was a small 
piece of wood. It is supposed that the bird was 
forced down by bad visibility and was looking 
around the trail camp for food. 

Nesting birds were found in the Melchior 
Islands in March, 1941, all but a few having left 
the nests. A number of specimens were collected 
at West Base and in the Melchior Islands. 
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Fic. 14. 


Larus dominicanus Lichtenstein. Kelp Gull 


This bird was seen in the vicinity of New 
Zealand in the company of Silver Gulls in 
December, 1939. Large numbers were seen in 
Andersen Harbor, Melchior Archipelago, be- 
tween February 26 and March 5, 1941. The 
percentage of young birds was high. Nests 
were found on exposed rocks. Several birds 
were taken for specimens, and two young, late- 
hatching birds were captured and brought alive 
to the United States. 


Sterna vittata gaini Murphy. Gain’s Antarctic Tern 


Figure 14 


Common in Andersen Harbor and surrounding 
waters of the Melchior Archipelago from Febru- 
ary 26 to March 5, 1941. The percentage of 
young birds was very high. Large groups 
followed the motor launch, feeding on small 
crustaceans thrown up by the propeller. One 
lone, late-hatching bird, not quite old enough to 
fly, was found in a small exposed depression in 
the rock. 


MAMMALOGY 


Because of the climatic conditions and food 
limitations the mammals of the Antarctic are 
limited to aquatic species of two groups, whales 
and seals. 

As the name suggests, the Bay of Whales 
plays host to a large number of these mammals. 
For the most part these are limited to two species: 
Antarctic Piked Whale (Balaenoptera huttoni) and 
Killer Whale (Grampus orca). These are seen 


Official U. S. A. S. photo, 


Antarctic Tern chick in exposed nest, Melchior Archipelago, Palmer Land. 


almost continually in the bay as long as it is 
free of ice. On several occasions large unidenti- 
fied whales were seen blowing in the bay. That 
these were commercially valuable species was 
attested by the fact that in January, 1941, the 
U. S. S. Bear sighted a Japanese whale-chaser 
cruising in the Ross Sea. Several days later the 
same vessel entered briefly the Bay of Whales, 
and whale entrails were subsequently observed 
floating in the Ross Sea. 

The seals were much more important to the 
expedition than were the whales, and they played 
a large part in determining the site for a base. 
As it was planned to subsist the 73 West Base 
dogs solely on seal meat while the animals were 
quartered there, and to use seal blubber as a 
main ingredient of the dog-food pemmican for 
trail feeding, it was essential that the base be 
located near a known concentration of seals. 
While Okuma and Kainan Bays were more 
closely situated to unexplored territory, the 
choice of either locality as a base site had to be 
abandoned because of the evident lack of large 
concentrations of seals. This necessity for a 
source of fresh meat in close proximity to the 
base was also an extra precautionary safety 
factor in case the expedition ships should be 
unable to evacuate the base or bring in supplies 
the following year. 

A total of over 200 seals, mainly Weddell’s, 
were killed for dog food, and a few Crab-eaters 
were killed for man food. To some this fresh 
meat was a welcome addition to the diet, but, on 
the whole, it was not favored. However, in my 
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opinion the objection was a matter of psycho- 
logical reaction to the knowledge that the meat 
was from seal, since the flavor was not distasteful 
when the meat was properly prepared. 


Leptonychotes weddellii (Lesson). Weddell’s Seal 


Figures 15-17 


The greater portion of the Bay of Whales is a 
nightmare of pressure ice resulting from the 
force exerted by the movement of the Ross Shelf 
Ice from the southwest as opposed to the 
grounded barrier to the east of the bay. Rows 
of anticlinal and synclinal folds are thus formed 
with their axes at right angles to the direction 
of thrust. Usually large fissures are opened 
along the axes of both the anticlines and the 
synclines. Subsequent pressure forces one side 
of the anticline to override the other, thrusting 
it high in the air and twisting it into fantastic 
formations. The synclines have their troughs 
forced below the surface of the water, and, on 
splitting, they are partially filled with water. 
The shallow pools thus formed are covered, 
during the summer months, with a relatively 
thin layer of ice. Large crevasses are formed 
across the whole series of folds by the outward 


Official U. S. A. S. bhoto. 


Fic. 15. Pool in synclinal trough in pressure ice of Bay 
of Whales, used by Weddell’s Seals for a rookery and 
resting place. 
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Official U. S. A. S. photo. 


Fic. 16. Weddell’s Seal, bearing a brand placed on it 
when a pup in 1934 by A. A. Lindsey, Bay of Whales. 


movement of the ice from the bay. This area 
is the habitat of Weddell’s Seal, and many of 
them are found sleeping in the large synclinal 
basins. By the use of their teeth they are able 
to maintain exit and breathing holes through 
the thin ice covering the pools and crevasses. 

These folds are apparently of great importance 
even in winter to the seals of this southernmost 
colony. When extremely low temperatures be- 
gin in March, not only must the surface become 
unsuitable for them, but the task of keeping the 
holes open must become almost an impossibility. 
Lindsey, biologist of the Byrd Antarctic Expedi- 
tion II, 1933-35, reports (1937) the finding of 
one adult female on the surface on July 26, but 
this was an unusual case and it occurred during 
a period of unusually high temperatures. Ordi- 
narily the seals are not seen on the surface from 
the first of April until October. Evidently they 
do not leave the area but merely remain below 
the ice, resting on interior ice shelves and 
probably making use of the anticlinal domes as 
places to breathe, for they can be heard calling 
beneath the ice during the winter. 

Spending the greater part of their lives in and 
around the pressure ice and feeding on the 
undoubtedly plentiful fishes, they are safe from 
the only predators of the area, the Killer Whales. 
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Official U.S. A. S. photo. 


Fic. 17. Weddell’s Seal suckling a pup, Bay of Whales. 


They are utterly defenseless and exhibit no 
sense of fear at the approach of man. Their 
movements on land are slow and cumbersome, 
and they never seem to travel very far from 
their exit holes. 

That they are generally non-migratory and 
inhabit the same areas from year to year is 
borne out somewhat by the fact that three adults 
were found bearing brands placed on them by 
Lindsey during the summer of 1934-35. These 
three were found within a very short distance 
of the point where they wére branded. Unfortu- 
nately two of these specimens were cut up for 
dog food by mistake, and the third was not 
captured but only photographed. However, the 
numbers were recorded and measurements were 
made of the two that were captured. 

No detailed study was made of the life history 
of Weddell’s Seal, since Lindsey (1937) carried 
out an excellent study of this sort in the same 
area during the Byrd Antarctic Expedition II. 

Four young seals and a series of embryos were 
collected in the Bay of Whales for the U. S. 
National Museum. One young specimen was 
taken in Andersen Harbor, Melchior Archipelago. 


Lobodon carcinophagus (Jacquinot and Pucheran). 
Crab-eater Seal 


Comparatively little is known of the life 
history of the Crab-eater Seal because of its 
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pelagic habits. It is apparently a wandering 
species, living largely in the shifting pack ice. 
It is a visitor to the Bay of Whales in rather 
large numbers but, unlike Weddell’s Seal, it may 
be seen there only from December to March. 

The Crab-eater differs greatly from the Wed- 
dell in both appearance and habit. This is 
probably a result of its many encounters with 
Killer Whales (Grampus orca), for large numbers 
bear scars made by the teeth of these predators. 
When approached, the Crab-eater shows its 
displeasure by hissing and by rapid movement. 
When further pursued, it can move with surpris- 
ing rapidity across the surface of the ice, and a 
man on foot is hard pressed to keep up with it. 

In the Bay of Whales the Crab-eater is 
confined mainly to the first few hundred feet 
from the seaward edge of the bay ice. It was 
occasionally seen farther toward the land, and 
one group of six was found alongside an open 
crevasse about 1 mile from the edge of the ice. 

Its food consists mainly of the small crustacean 
Euphausia, but occasionally the beaks of small 
octopuses were found in the stomach material. 
The stomach of one contained a small whole 
octopus and a handful of gravel. 

A number of these mammals were collected as 
food for dog and man. According to Lindsey 
(1938), the young are born before the seals come 
into the Bay of Whales, and no embryos were 
collected. One live specimen was collected in 
the Bay of Whales, and four in Discovery Inlet. 
An unsuccessful attempt was made to bring 
them alive to the United States. After one 
died of starvation, two were released in Andersen 
Harbor and two were skinned for museum 
specimens. 


Official U.S. A. S. photo. 
Ross’s Seal, Bay of Whales. 


Fic. 18. 
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Fic. 19. 


Ommatophoca rossii Gray. Ross's Seal 


Figures 18-20 


The rare Ross’s Seal, much sought after by 
the members of the previous Byrd Antarctic 
Expeditions, was collected by West Base person- 
nel. Four specimens were captured, three at 
the Bay of Whales and one in Discovery Inlet. 
These seemed to have much the same character- 
istics and habits as the Crab-eater, although in 
appearance they were readily distinguished from 
any of the other species. Of those captured in 
the Bay of Whales area, two were found near 


Fic. 20. 


te 


Official U. S. A. S. photo 


Ross’s Seal, Bay of Whales. 


the edge of the ice in much the same habitat as 
the Crab-eaters, and one was found about 3 
miles directly south of the base on top of the 
barrier. Just why it was so far inland and on 
top of the barrier, and whether it came over the 
edge of the ice and traveled overland all the 
way, or whether it came up through one of the 
holes used by the Weddells, are unanswered 
questions. 

Although these seals were sluggish in their 
movements on the ice, and although they 
exhibited the usual defenselessness of the other 
seals, they seemed to resent the presence of 
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Official U. S. A. S. photo. 


Ross’s Seal, Bay of Whales. 
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man even more than the Crab-eaters. They 
gave a little birdlike chirping call similar to that 
of Weddell’s Seal; and when disturbed they 
raised their heads, filled their lungs with air, 
and exhaled suddenly. 

None of the Ross’s Seals exhibited scars of 
attack by Killer Whales. Wilson suggests 
(1907) that they are very rapid swimmers owing 
to the shape of their bodies, the short head with 
large folds of fat around the neck tending to 
make them truly streamlined. 

An attempt was made to bring one of these 
seals alive to the United States, but it died 
within a few days, presumably from injuries 
received at the time of its capture. 


Hydrurga leptonyx (Blainville). Sea Leopard 


Since the Sea Leopard feeds almost entirely 
on penguins, it was unusual that one of these 
large mammals should be found in the Bay of 
Whales, where there are seldom any large 
numbers of penguins. One (the only one seen 
in the bay during the course of three expeditions) 
was captured by Malcolm Davis in January, 
1940. 

A much better opportunity was had for the 
observation of these animals in the Melchior 
Archipelago, where there are large numbers of 
Gentoo Penguins. Some members of the expedi- 
tion were fortunate enough to observe a Sea 
Leopard feeding on penguins off one of the 
small rocky islands in Andersen Harbor. In 
order to secure moving pictures, several live 
penguins were thrown into the water. It was 
reported that the Sea Leopard swam rapidly 
under water after the birds, and, on reaching one 
of them, took hold of it by the feet and hind end, 
whereupon the water was churned as the animal 
shook the bird. Contrary to earlier reports 
that it would shake the skin off and then eat the 
skinned bird, those who observed the action in 
this particular case said that there was no 
evidence that the bird was skinned or that the 
feathers were not consumed. In one instance 
the mammal came part way out on the rocks 
after a bird that had escaped from the water. 
On another occasion a dead penguin was thrown 
to a Sea Leopard that was swimming near the 
ship; the bird was investigated but refused. 

Two large animals, a male and a female, 
were killed and skinned for museum specimens. 


LIVE SPECIMENS 


In accordance with a request from the Na- 
tional Zoological Park in Washington, I was 
assigned the task of collecting and caring for 
live specimens from the West Base area. As 
there was no food available until the U.S, M. S. 
North Star arrived from New Zealand, none of 
this collecting could be done in the meantime. 
Unfortunately, after the arrival of the vessel 
there was a dearth of specimens in the Bay of 
Whales area, and only two Emperor Penguins 
and one Crab-eater Seal were captured. There- 
fore, on leaving the Bay of Whales, the North 
Star made a special trip into Discovery Inlet to 
secure live specimens. When the ship sailed 
from Discovery Inlet, the collection consisted of 
four Emperor and sevéral Adélie Penguins, 
five Crab-eater Seals, and one Ross’s Seal. 

A pen for the seals was constructed on the 
after well-deck of the North Star, and a canvas 
tank was included. All six seals could occupy 
the tank at the same time. The water in it was 
changed as frequently as possible. After the 
animals became accustomed to climbing up and 
down the wooden ramp, they spent most of their 
time in the tank. Unfortunately both species 
normally subsisted on the small crustacean 
Euphausia, and the only food available for them 
was frozen Barracuda brought from New Zea- 
land. After they failed to eat this fish, though 
it was sliced and cut into small pieces or ground, 
attempts were made to foree portions of the 
ground. fish down their throats by means of a 
piece of pipe, using a short length of stick for a 
plunger. When these attempts were unsuccess- 
ful, killing or releasing the mammals was put 
off in the hope that, with increasing hunger, 
they might begin to eat. However, only an 
increasing restlessness marked their increasing 
hunger and they still refused to eat. Finally, 
about the first of March, and just a month after 
their capture, one of them died. It was then 
decided to give up the attempt to bring them 
alive to the United States. Two were released 
in Andersen Harbor and two were killed for 
their skins. The Ross’s Seal died a few days 
after it was taken, apparently from injuries 
received during its capture. 

Somewhat better luck was had with the 
penguins. A pen was constructed for them on 
the forward well-deck and divided into two 
compartments to prevent the Adélies from 
fighting the Emperors. After about two weeks 
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forced feeding was no longer necessary for the 
Emperors. They eagerly took the strips of 
Barracuda which were dipped in cod-liver oil. 
Not so, however, with the Adélies. Being much 
more pugnacious than the Emperors, they never 
became tamed and fought continuously against 
having the fish forced down their throats. 
Using their flippers and beaks, they are capable 
of a great deal of fight and often inflicted deep 
scratches on the hands of the feeder. Because 
of their reluctance to being fed they did not get 
enough to eat, and all died within the first 
month. 

When the seals were disposed of, the large pen 
containing the tank was used for the penguins. 
Six Gentoos and twenty or more Ringed Penguins 
were added to the collection in the Melchior 
Archipelago. The Gentoos were much more 
adaptable than the Ringed, the latter being 
even more pugnacious than the Adélies. As a 
result, four Gentoos lived to reach the United 
States while all of the Ringed Penguins died. 

In addition, two Blue-eyed Shags, two young 
Kelp Gulls, and one young Skua were added to 
the collection at Melchior. The shags fought 
each other so much that they had to be killed; 
the Skua died; and only the two Kelp Gulls 
finally reached the United States. 

In Valparaiso, Chile, the remaining three 
Emperor penguins, four Gentoo penguins, and 
two Kelp Gulls were turned over to Bryant 
(biologist of the East Base) to be brought the 
rest of the way to the United States in the cold 
storage rooms of a commercial vessel. 


BOTANY 
Figures 21-23 


Paul A. Siple, while leader of the Marie Byrd 
Land Sledging Party, Byrd Antarctic Expedition 
II, 1933-35, made a most extensive collection of 
Antarctic plants and proved, by his finding of 
86 new species out of 94 species collected, that 
the field had hardly been touched (Siple, 1938). 
With his encouragement and assistance, a further 
study of Antarctic plant life was carried out by 
West Base. 

Since there were to be three major field parties 
operating in different areas of Marie Byrd Land, 
as well as a field party and a temporary outpost 
in the Rockefeller Mountains of Edward VII 
Land, excellent opportunities for obtaining ma- 
terial were afforded. Accordingly, bags and 
boxes, with instructions for collecting, were 
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furnished by the biologist to each party. As a 
result of splendid co-operation, plants were 
obtained on 25 peaks of the Edsel Ford Moun- 
tains and on 11 peaks of the Rockefellers. A 
16-day lay-over in Andersen Harbor, Melchior 
Archipelago, enabled the members of West Base 
to gather additional plants. Collections were 
made also by the members of East Base in their 
own locality on Palmer Peninsula. This gives 
a series of plants from the Subantarctic islands 
to the interior of the continent. In all, over 
3,000 specimens of lichens, mosses, and algae 
were collected by members of the expedition. 
While the collections include a rather large 
proportion of the plants common in Antarctica, 
it should not be supposed that the material from 
any one mountain represents even approxi- 
mately the total number of species on that 
mountain. The limited time available for actual 
field investigations did not permit as complete a 
collection in any one location as might have been 
desirable. In some cases only a small portion 
of an exposure was suitable for investigation 


Photo. by E, E. Lockhart. 


Collecting plants in Low Hills. 








Photo. by E. E. Lockhart. 


Fic. 22. Northwest face of Peak 11A (Low Hills). Black 
streaks on rock are colonies of lichens growing on 
water trickles, 


without too much strenuous mountain climbing 
with the aid of crampons, ice axe, and alpine 
line, and the necessary skill to use them. Fur- 
thermore, some of the forms are so small and so 
nearly indistinguishable in color from the rocks 
that it is only by a rather close and careful 
search that they are even seen. 

Whenever possible, the plants were removed 
from the rock on which they were growing and 
placed in wooden matchboxes and other small 
boxes taken along for the purpose. Those that 
could not be separated from the rock were placed 
in cloth geological bags. After the return to the 
United States they were separated into the main 
groups, catalogued, and repackaged for shipment. 
This work was done by myself at the United 
States National Museum, where, under the 
regulations of the expedition, all biological 
collections were to be deposited. Arrangements 


have been made to have the material identified 
This task will take a considerable 


elsewhere. 
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length of time, and it is impossible as yet even 
to estimate the number of species represented. 

It seems quite evident that the greatest single 
factor limiting the number and type of plants 
and their distribution in the Antarctic is that of 
available water. Other factors, such as ex- 
tremely low temperatures, amount of sunlight, 
and color of the rock, are of importance mainly 
in that they determine the amount of water 
available to the plants. Although there are 
tremendous amounts of water on the continent, 
it is released very sparingly and the continent 
may be considered a physiological desert. 

Wherever there is sufficient water, there are 
growths of lichens (fig. 22). Luxuriant growths 
may be found in miniature caves where there is 
little or no sunlight, as long as there is a source 
of water. 

The color of the rock is quite important, for, 
in general, the darker granites and especially the 
dark sedimentary deposits are more often the 
sites of heavy plant growths than the lighter 
rocks. This is interpreted to meéan- that the 
darker rocks absorb more of the sun’s heat and 
therefore release more moisture. An exception 
to this is seen in the very dark volcanic rocks 
found in the Raymond Fosdick Mountains, on 
which there were no plants whatever. It is 
thought that the chemical composition here is 
the limiting factor. 

Wind is a factor both because the warm féhn 
winds undoubtedly release some moisture, and 
because distribution of spores and vegetative 
parts is effected chiefly by the wind. Thus the 
prevailing direction of the winds should deter- 
mine to some extent the rapidity with which 
population of a newly uncovered exposure takes 
place. 

According to Siple’s observations (1938), those 
peaks which harbor bird rookeries are also the 
richest in plant cover. This single factor—the 
presence of a rookery—may be, from all appear- 
ances, the only difference between one peak and 
another, yet the difference in the amount of 
vegetation is astounding. This is well illus- 
trated by the difference between the plant cover 
on Mount Marujupu and that on Mount 
Iphigene and the peaks of the Fosdicks. Here 
there seem to be the same type of rock, the 
same amount of available moisture, sunlight, 
etc., but there is a Snow Petrel rookery on 
Mount Marujupu and not on the others. It 
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Photo. by E. E. Lockhart. 


Exposed rock on Mount Marujupu in Edsel Ford Range, showing luxuriant growth of lichens (mainly Usnea 
sp.). Columbo in foreground. 
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A FEW samples from the United States Ant- 
arctic Service Expedition 1939-41 were found 
to contain a rather meagre fauna of Foraminifera. 
The species are all known to occur in the region 
and some have been found almost exclusively 
there. The representatives of the genus Hippo- 
crepinella are perhaps the most interesting, since 
the genus is most commonly found in the Ant- 
arctic. 

The four samples were collected by M. J. 
Lobell. Three are from Neny Fjord (approxi- 
mately lat. 68° 12’ S., long. 66° 58’ W.), and one 
from off Horseshoe Island (approximately lat. 
67° 53’ S., long. 67°17’ W.). These localities 
are on the west side of the Palmer Peninsula. 

The following species were found: 


FAMILY RHIZAMMINIDAE 
GENuS RHIZAMMINA H. B. Brapy, 1879 
Rhizammina algaeformis H. B. Brady? 
Figure 1 


The single specimen figured may be a frag- 
ment belonging to this species. The test is 
flexible when wet. It is from Neny Fjord. 


GrENuUs HIPPOCREPINELLA HERON-ALLEN AND 
EARLAND, 1932 


Hippocrepinella hirudinea Heron-Allen and Earland 
Figures 2, 3 

Hippocrepinella hirudinea Heron-Allen and Earland, Jour. 
Roy. Micr. Soc. 52: 258, pl. 1, figs. 7-15, 1932.—Ear- 
land, Discovery Repts. 7: 70, pl. 7, figs. 1-9, 1933.— 
Cushman, Special Publ. 5, Cushman Lab. Foram. Res., 
pl. 1, fig. 20, 1933.—Earland, Discovery Repts. 10: 
73, 1934.—Rhumbler, Schrift. Nat. Ver. fiir Schleswig- 


Holstein 21: 157, pl. 3, figs. 48-52, 1935.—Cushman, 
Foraminifera, 3rd ed., key, pl. 1, fig. 20, 1940. 


“Test free, monothalamous, irregularly cylin- 
drical, occasionally curved, rounded at the ex- 
tremities which are sometimes slightly clavate, 
sometimes tapered off. Wall thin, smooth and 
neatly finished, shining or ‘matt,’ often covered 
with fine transverse wrinkles. Apertures, cen- 
tral and terminal, usually varying in size, one 
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being more pronounced than the other. Colour 
varying from light to dark grey. Size up to 2.0 
mm. in length, 0.5 mm. in width.” 

The above description is the original of Heron- 
Allen and Earland. Our specimens have been 
compared with topotypes in our collection kindly 
sent by Earland, and they are undoubtedly the 
same. They are from Neny Fjord. 

The species was described from Cumberland 
Bay, South Georgia, and has been recorded from 
the Falklands sector of the Antarctic. Rhumbler 
figures specimens from Kiel Bay, Germany, and 
I have specimens from Earland from off Ireland. 
It apparently has a wide distribution. 


FamMiILy REOPHACIDAE 
GENus REOPHAX Montrort, 1808 
Reophax subfusiformis Earland 
Figures 4, 5 


Reophax subfusiformis Earland, Discovery Repts. 7: 74, 
pl. 2, figs. 16-19, 1933; 10: 80, 1934.—Cushman and 
McCulloch, Allan Hancock Pacific Exped. 6 (1): 62, 
pl. 3, figs. 14-16, 1939. 


This species was described from off South 
Georgia and recorded also from the Falklands 
sector of the Antarctic. On the Pacific coast of 
America it is recorded from Alaska to Colombia. 
There are a few specimens from Neny Fjord. 
The earlier chambers are usually broken off in 
preparing the specimens. 


Reophax dentaliniformis H. B. Brady 
Figures 6, 7 
A number of very typical specimens of this 
species occur in the material from Neny Fjord. 


They are much like the type figure (Rept. Voy. 
Challenger, Zool. 9: pl. 30, fig. 21, 1884). 


FamiLy LITUOLIDAE 
Genus HAPLOPHRAGMOIDES Cusumay, 1910 
Haplophragmoides canariensis (D'’Orbigny)? 
Figure 8 
A single well-preserved specimen from off 
Horseshoe Island seems to belong to this species. 
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FamMity TEXTULARIIDAE 
Genus SPIROPLECTAMMINA CusHman, 1927 
Spiroplectammina? sp. 

Figure 9 


The specimen figured is a peculiar one in that 
the early stages are more like those of Trocham- 
mina in being trochoid rather than planispiral 
like Haplophragmoides. ‘The last-formed cham- 
bers are distinctly biserial. Unfortunately there 
were no other specimens present with this in the 
material from Neny Fjord. It is possible that 
this may represent a new genus derived from 
Trochammina. 


FAMILY SILICINIDAE 


GENUS MILIAMMINA HErRon-ALLEN AND 
EARLAND, 1930 


Miliammina arenacea (Chapman) 
Figures 10, 11 


Miliolina oblonga (Montagu), var. arenacea Chapman, 
British Antarctic Exped. 1907-9, Repts. Sci. Investiga- 
tions, Geol. 2: 59, pl. 1, fig. 7, (1916) 1917.—Heron- 
Allen and Earland, British Antarctic (‘‘Terra Nova’’) 
Exped., Zool. 6: 66, 1922. 

Miliammina oblonga (part) Heron-Allen and Earland, 
Jour. Roy. Micr. Soc. 50: 41, pl. 1, fig. 6, 1930. 

Miliammina oblonga (Montagu), var. arenacea Cushman, 
Contr. Cushman Lab. Foram. Res. 6: pl. 10, figs. 19-21, 
1930; Special Publ. 2, Cushman Lab. Foram. Res., 
pl. 1, figs. 19-21, 1930. 

Miliammina arenacea Cockerell, Nature 125 (3165): 975, 
1930.—Heron-Allen and Earland, Nature 126 (3177): 
436, 1930.—Earland, Discovery Repts. 7: 93, pl. 5, 


EXPLANATION OF PLATE 


x 43. 


Heron-Allen and 


. Rhizammina algaeformis H. B. Brady? 
3. Hippocrepinella hirudinea 
Earland. xX 43. 
5. Reoplax subfusiformis Earland. X 53. 
7. Reophax dentaliniformis H. B. Brady. X 53. 
. Haplophragmoides canariensis (D’Orbigny)? 
x 53. 
. Spiroplectammina? sp. XX 53. 
11. Miliammina arenacea (Chapman). 
. Cornuspira involvens Reuss. X 53. 
14. Trochammina malovensis Heron-Allen and 
Earland. 13, dorsal view; 14, ventral view. 
xX 53. 
. Trochammina squamata Jones and Parker. 
. Discorbis peruviana (D’Orbigny). X 53. 
. Discorbis vilardeboana (D’Orbigny). X 53. 
. Discorbis vilardeboana (D’Orbigny). XX 53. 
19. Cassidulina crassa D’Orbigny. 18, Ventral 
view; 19, dorsal view. X 53. 
. Cassidulinoides parkeriana (H. B. Brady). 
. Cibicides lobatulus (Walker and Jacob). 
view. X 53. 


xX 43. 


x 53. 


x 35. 
Dorsal 
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fig. 6, 1933; 10: 110, pl. 4, figs. 20-24, 1934; 13: 40, 
pl. 1, figs. 38-40, 1936.—Hada, Zool. Mag. 48: 854, 
text fig. 7, 1936—Chapman and Parr, Australasian 
Antarctic Exped. 1911-14, Sci. Repts., ser. C, 1, pt. 2: 
124, 1937. 


All the records for this species, except those 
of Hada from Japan, are from the Antarctic. 
It is the most common species in our Antarctic 
material from Neny Fjord. The arenaceous 
character of the wall is often not apparent until 
it is wet, and then the structure immediately 
becomes evident. 


Fami_y OPHTHALMIDIIDAE 
GENuUs CORNUSPIRA ScuHuttTze, 1854 
Cornuspira involvens Reuss 
Figure 12 
A single specimen referable to this species 
occurred in the material from off Horseshoe 
Island. 


Famity TROCHAMMINIDAE 
Grenus TROCHAMMINA ParKER AND JONES, 1859 


Trochammina malovensis Heron-Allen and Earland 
Figures 13, 14 


Trochammina malovensis Heron-Allen and Earland, Jour. 
Roy. Micr. Soc. 49: 328, pl. 4, figs. 27-32, 1929; Dis- 
covery Repts. 4: 345, pl. 17, figs. 14-19, 1932.—Earland, 
loc. cit., '7: 86, pl. 4, figs. 38-40, 1933; 10: 100, 1934; 
13: 37, 1936. 


Numerous specimens apparently identical with 
this species occur at Neny Fjord and off Horse- 
shoe Island. It has been recorded from the 
Antarctic off the Falkland Islands, off South 
Georgia, and in the Weddell Sea. 


Trochammina squamata Jones and Parker 
Figure 15 


A single typical specimen was found in the 
material from Neny Fjord. It has been pre- 
viously recorded from the Antarctic. 


FamMILy ROTALIIDAE 
Genus DISCORBIS Lamarck, 1804 
Discorbis peruviana (D’Orbigny) 
Figure 16 


Rare specimens of this species occur in the 
material from Neny Fjord. 
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Discorbis vilardeboana (D’Orbigny) 
Figure 17 


A single specimen of this species was found 
with the preceding in Neny Fjord. 


Famity CASSIDULINIDAE 
Genus CASSIDULINA D’OrpsicGny, 1826 
Cassidulina crassa D’Orbigny 
Figures 18, 19 
This is one of the most common species in the 


material from Neny Fjord, but it did not occur 
in any of the other samples. 


. CUSHMAN 


Genus CASSIDULINOIDES CusuHMan, 1927 
Cassidulinoides parkeriana (H. B. Brady) 
Figure 20 
Most of the records for this species are from 
the Southern Hemisphere. Typical specimens 
occur in the material from Neny Fjord. 


Famity ANOMALINIDAE 
Genus CIBICIDES Monrtrort, 1808 
Cibicides lobatulus (Walker and Jacob) 
Figure 21 


A single specimen from Neny Fjord is figured. 
Other less well preserved specimens were found. 
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THE nine species of amphipods taken by the 
United States Antarctic Service Expedition 
1939-41 are included in five families. All of the 
species have been previously recorded from the 
Antarctic regions. The material is from shallow 
water or from moderate depths. 


GAMMARIDEA 
FamMiILy LYSIANASSIDAE 


Cheirimedon fougneri Walker 
Cheirimedon fougnerit Walker, 1903: 41, pl. 7, figs. 1-6; 

Walker, 1907: 9; Schellenberg, 1926: 263, fig. 13. 

Bay of Whales, Antarctica, February 17, 1940, in the 
water around a dead seal; collected by J. E. Perkins. 
Many specimens. 

Stations 1 and 3, East Base, Antarctica; collected by 
H. M. Bryant. Four specimens. 


This species was first taken by the Southern 
Cross Antarctic Expedition in lat. 78° 35’ S., and 
described by Walker in 1903. Two specimens 
were taken by the National Antarctic Expedition 
and recorded by Walker in 1907. Schellenberg 
recorded the species in 1926 from specimens 
taken by the Deutsche Siidpolar-Expedition. 

The largest specimen taken by the Southern 
Cross measured 20 mm., which is about the size 
of the largest specimens in the present collection. 


Orchomenella chilensis (Heller) forma rossi (Walker) 


Anonyx chilensis Heller, 1865: 129, pl. 11, fig. 5. 

Orchomenopsis rossi Walker, 1903: 45, pl. 7, figs. 18-23; 
Walker, 1907: 14; Chevreux, 1913: 92. 

Orchomenopsis chilensis (Heller) forma rossi Schellenberg, 
1926: 288, fig. 26; Barnard, 1930: 327; Schellenberg, 
1931: 49. 

Orchomenella rossi Barnard, 1932: 69, fig. 27e. 

Bay of Whales, Antarctica, February 17, 1940, in the 
water around a dead seal; collected by J. E. Perkins. 

Many specimens. 


This species has been taken by several of the 
Antarctic expeditions and is stated by Schellen- 
berg to be Antarctic circumpolar. 

Some of the females taken by the Discovery 
at South Georgia in 1926 were recorded by 
Barnard as being 30 mm. in length. The largest 


specimen in 
33 mm. 

Schellenberg, in studying the specimens taken 
by the Deutsche Siidpolar-Expedition, concluded 
that Orchomenopsis rossi and a number of other 
recently described species were in reality only 
forms of the species described by Heller in 1865 
as Anonyx chilensis. 

Barnard (1932: 68) expresses the opinion that 
there is no longer any reason for retaining the 
genus Orchomenopsis. He says: 


the present collection measures 


As Stebbing says in his key (1906, p. 11) there are 
no constant differences between Orchomenella and 
Orchomenopsis, and with the discovery that Orcho- 
menopsis zschauii possesses a projecting epistome 
together with the second antennae considerably 
longer than the first antennae, the 
hitherto relied upon are obliterated. 


differences 


Orchomenella chilensis (Heller) forma proxima (Chevreux) 


Anonyx chilensis Heller, 1865: 129, pl. 11, fig. 5. 

Orchomenopsis proxima Chevreux, 1903: 93, fig. 6a-c: 
Chevreux, 1906: 13; Chevreux, 1935: 62, pl. 16, fig. 21 

Orchomenopsis chilensis (Heller) forma proxima Schellen 
berg, 1926: 290. 


Stations 1 and 3, East Base, Palmer Land; collected by 
H. M. Bryant. Three specimens. 


Chevreux described Orchomenopsis proxima 
from specimens taken by the Princesse-Alice in 
the deep waters off the Cape Verde Islands in 


1901. The Expédition Antarctique Francaise 
took a number of specimens in comparatively 
shallow water at Port-Charcot, Antarctica, in 
1904 which Chevreux assigned to this species. 
Schellenberg recorded a male 25 mm. in length 
taken by the Deutsche Siidpolar-Expedition. 
The largest specimen in the present collection, 
a male, measures about 20 mm. 


Orchomenella acanthura (Schellenberg) 


Orchomenopsis acanthurus Schellenberg, 1931: 47, fig. 25. 
Orchomenella acanthurus Barnard, 1932: 73, figs. 27a, 31. 


Horseshoe Island (bay on southwest side), Palmer Land 
(lat. 67° 52’ 40” S., long. 67° 17’ W.), 19 fathoms, March 
5, 1940. One specimen. 
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This species was described by Schellenberg 
from 10 specimens taken by the Swedish Ant- 
arctic Expedition in 1902. Barnard records 5 
specimens taken by the Discovery in 1926 at 
South Georgia. One of the Discovery specimens, 
an ovigerous female, measured 13 mm. The 
single specimen of the present collection measures 
about 11.5 mm. and constitutes the most 
southern record of the occurrence of this species. 


FamMiILyY OEDICEROTIDAE 
Oediceroides calmani Walker 


Oediceroides calmani Walker, 1906: 15; Walker, 1907: 22, 
pl. 6, fig. 12; Chevreux, 1913: 128, figs. 28-30; Barnard, 
1930: 366; Barnard, 1932: 140. 


Neny Fjord, Palmer Land, 15 fathoms, March 20, 1940. 
One specimen. 


Walker described this species from 4 specimens 
taken by the Discovery National Antarctic 
Expedition in 1902. In 1907 he gave a fuller 
description and figure of the same specimens. 
Chevreux in 1913 records and figures the species 
from specimens taken by the Second French 
Antarctic Expedition in Marguerite Bay, south 
of Graham Land, Antarctica. Barnard in 1930 
records specimens taken by the Terra Nova 
Expedition in McMurdo Sound. In 1932 he 
records specimens taken on the Discovery cruises 
in 1926 and 1927, and by the William Scoresby 
in 1926 in South Georgia and the Palmer 
Archipelago. 

Walker gives 30 mm. as the length of his 
largest specimen. The single specimen of the 
present collection, which is an ovigerous female, 
measures 27 mm. 


FAMILY CALLIOPIITDAE 
Leptamphopus novae-zealandiae (Thomson) 


10C, 


Pherusa novaezealandiae Thomson, 1879: 239, pl. 
fig. 2a-c. 

Leptamphopus novae-zealandiae Chilton, 1912: 488; Chev- 
reux, 1913: 143; Chilton, 1920: 1, figs. 1-5 (literature); 
Schellenberg, 1926: 351; Stephensen, 1927: 314; Barnard, 
1930: 369; Stephensen, 1938: 244 (literature). 

Melchior Harbor, Palmer Land, about March 10, 1941; 
collected by J. E. Perkins. Two specimens. 


This species has been taken by many of the 
Antarctic expeditions. Stephensen in 1927 gives 
the following distribution: ‘‘New Zealand; Cape 
Adare; Coulman Islands; McMurdo Strait; 
Petermann Island; Flanders Bay; Port Charcot; 
South Orkney Islands; Kerguelen, Observatory 
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Bay; and Auckland Islands.” Barnard in 1930 
records the species from Oates Land, Antarctic 
regions, and gives 20 mm. as the length of his 
largest male. The specimens of the present 
collection are immature, measuring about 5 mm. 
This species has passed through many vicissi- 
tudes, as shown by Chilton in his discussion of 
its synonymy (1920: 1-8). 


FAMILY PONTOGENEIIDAE 
Pontogeneia georgiana (Pfeffer) 


Calliopius georgianus Pfeffer, 1888: 116, pl. 2, fig. 6. 
A pherusa georgiana Chilton, 1913: 59; Shoemaker, 1914: 75. 
Pontogeneia georgiana Schellenberg, 1929: 278; Schellen- 
berg, 1931: 184, fig. 94; Barnard, 1932: 198, fig. 119; 
Stephensen, 1938: 239. 
Melchior Harbor, Palmer Land, about March 10, 1941; 
collected by J. E. Perkins. Twelve specimens. 


Pontogeneia georgiana has not heretofore been 
recorded from any locality other than South 
Georgia. The species is said to reach a length 
of 17 mm., but the largest specimen in the 
present collection measures about 10 mm. 


Barnard (1932: 199) draws attention to the 
close resemblance of P. georgiana to P. antarctica. 
I believe that P. antarctica will prove to be a 


synonym of P. georgiana. 


Schraderia gracilis Pfeffer 


Schraderia gracilis Pfeffer, 1888: 141, and pl. 2, fig. 5 
(fig. only); Barnard, 1932: 204, fig. 123; Stephensen, 
1938: 240. 

Neny Fjord, Palmer Land, March 7, 1940, bottom 
drag; collected by M. J. Lobell. One specimen. 

Station C-2, East Base, post no. 3, Palmer Land, 
September 7, 1940; collected by H. M. Bryant. One 
specimen. 

Melchior Harbor, Palmer Land, about March 10, 1941; 
collected by J. E. Perkins. Seven specimens. 


I have identified these specimens as Schraderia 
gracilis Pfeffer in accordance with the characters 
given by Barnard, who has examined many 
specimens from South Georgia, the type locality. 
One of the largest specimens in the present 
collection, measuring about 10 mm., a male 
with fully developed sexual organs, has the 
following characters. Head much as figured by 
Barnard (1932: fig. 123b), the ‘“‘cheek’’ or 
margin below the antero-lateral projection being 
of the same proportion as his figure with quadrate 
lower angle, but with the lower half of cheek 
bearing four or five teeth which are much smaller 
than those he figures. The proportions of the 
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joints of gnathopods 1 and 2 are as shown by 
Stebbing for Atyloides serraticauda (Challenger 
Rept., pl. 78), but the palm of gnathopod 1 is 
less oblique and the sixth joint of gnathopod 2 
gradually widens distally as shown in Pfeffer’s 
figure. The first four coxal plates are as shown 
by Pfeffer, the first being somewhat produced 
distally with a rather narrowly rounding anterior 
angle, whereas Stebbing figures these plates twice 
as deep as their respective segments and with 
broadly rounding anterior angles. The serra- 
tions on the postero-inferior margin of the third 


Fic. 1. Schraderia gracilis Pfeffer, female. Telson. 


pleon segment extend about half way up, are 
very shallow and would probably be overlooked 
were one not examining the animal in great 
detail. The depressions between the serrations 
bear a very minute setule. The second pleon 
segment bears two of these shallow teeth on the 
postero-inferior margin, and the first segment 
bears one on the left side but none on the right. 
The telson is not cleft quite so deeply as shown 
by Stebbing for A. serraticauda, but it appears 
to be of about the same relative proportion and 
shape except that the apical teeth are finer and 
more numerous, and the lobes are transversely 
truncate and not obliquely slanted toward the 
cleft. 

It is to be regretted that Barnard did not give 
the characters of the antennae, but as he praises 
the accuracy of the drawings made by Pfeffer’s 
artist, it may be assumed that the proportions 
of the antennae of his specimens were the same 
as those of Pfeffer’s figure, which shows the 
second antenna longer than the first. In 
the present specimens the antennae are of 
the proportions shown by Stebbing for A. 
serraticauda, the first antenna being considerably 
longer than the second. The under surface of 
the second joint of the first antenna and upper 
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surface of the fourth joint of the second antenna 
bear two large mushroom-shaped calceoli each. 
It is difficult to reconcile some of these dis- 
crepancies. Just how accurate some of the 
observations and figures of the two species 
Schraderia gracilis and Atyloides serraticauda 
have been, remains to be discovered. 

However, as the present specimens agree more 
closely in most characters with Pfeffer’s figure, 
I am identifying them as S. gracilis, which, if 
correct, will extend the range of this species 
southward to Antarctica. 

Barnard gives 16 mm. as the length of his 
largest specimens. Stephensen records females 
from South Georgia measuring 11 mm. in length. 

The females are of the size of the males and 
are like them except that the antennae do not 
bear calceoli and the gnathopods are slightly 
slenderer. 


Paramoera sp. 


Melchior Harbor, Palmer Land, about March 10, 1941; 
collected by J. E. Perkins. Five specimens. 


These specimens belong to the genus Para- 
moera, but do not agree in all characters: with 
any of the published descriptions or figures of 
any of the species. This is a very widely 
distributed genus in the Antarctic and Subant- 
arctic, and quite a number of species have been 
described. Some of the characters relied upon 
to distinguish the species appear to me to be 
very vague, and it is doubtful whether some of 
the figures are not somewhat misleading. In 
some descriptions and figures the characters 
which would be most helpful have been omitted. 


HYPERIIDEA 
FamiLty HYPERIITDAE 
Hyperia macrocephala (Dana) 


Tauria macrocephala Dana, 1853, 2: 988, pl. 68, fig. 2; 
Bovallius, 1885: 16; Bovallius, 1889: 81; Chevreux, 


1913: 86; Shoemaker, 1914: 76; Spandl, 1927: 156, fig. 3. 
Neny Fjord, March 16, 1940, 
medusae. 


Palmer Land, from 


Five specimens. 

Dana’s description of Tauria macrocephala 
leaves much to be desired. However, the de- 
scription and figures together supply enough 
characters for the identification of the species. 
Dana gives 9 lines (= 24 mm.) as the length of 
his animal, which was taken from a medusa. 
The present specimens range from 17 to 29 mm. 
The specimen which I have figured is 22 mm. 
in length and is a male not fully grown, since 
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the antennae are short. In the largest male 
(29 mm.), where the antennae are fully de- 
veloped, the first antenna reaches from the first 
thoracic segment to the end of the second 
abdominal segment, and the second antenna is 
somewhat longer than the first. Dana’s figure 
2a, which is apparently of a young male, gives a 
good idea of the general shape of the animal. 
The following characters given by Dana hold 
good for the present specimens: head large and 
nearly filled with the pigment of the eyes; 
thorax short and stout, the fourth epimerals 
produced below and acute; antennae short 
(hardly as long as half the height of the head), 
subequal, subulate, extremely multiarticulate; 
anterior feet shortest, quite pubescent, fourth 
joint more than twice as long as third, and much 
longer than fifth, the claw minute. 

In the present specimens the third coxal plate 
is shallower than the first and second; the fourth 
coxal plate is the deepest of all the plates and, 
as remarked by Dana, is produced below and 
acute. The fourth coxal plate projects out from 
the thorax at a considerable angle. The one 
misleading character figured by Dana is the 


Hyperia macrocephala (Dana), male. 


\ 


A, head and thorax; B, abdomen. 


second gnathopod. This appendage is exactly 
as I have figured it, but, in order to show its true 
characters, the fourth to seventh joints had to 
be forced into a vertical position. The second 
gnathopods are normally held in a horizontal 
position beneath the animal as shown by Dana 
in figures 2a and 2e. These figures show only 
the upper or outer edge of the joints. 

Bovallius (1889: 79), evidently judging from 
the appearance of Dana’s figures, states that the 
carpus of the second gnathopod is not produced, 
and considers this a good character of the genus 
Tauria. In the present specimens the carpus 
of this gnathopod is produced quite as much as 
in some of the other species of Hyperia. 

Spandl (1927: 157, fig. 3b) figures the carpus 
of the second gnathopod as not produced. 
However, he does not mention the striking 
characters of the fourth coxal plate, so it is 
possible that his specimen was not this species. 

The females are nearly as long as the males, 
but are much broader through the thorax. The 
appendages, except the antennae, do not differ 
from those of the male. The first and second 
antennae are very short and do not appear to be 
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as long as half the height of the head. Their 


flagella consist of a long joint and one or two 
The fourth coxal plate 


very small apical joints. 
is like that of the male. 

I can find no characters separating Tauria 
from Hyperia, so I am considering it a synonym 
of Hyperia, which is the earlier genus. 

I have again examined the specimen from 
South Georgia, which I questionably identified 
as Tauria macrocephala in 1914, and find that it 
is that species. 
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MOLLUSKS OF THE UNITED STATES ANTARCTIC 
SERVICE EXPEDITION 1939-1941 


PAUL BARTSCH 


United States National Museum 


THESE consist of three lots collected by J. E. 
Perkins: 


An octopus taken from the stomach of a 
Weddell’s Seal (Leptonychotes weddellii) in the 
Bay of Wales, Antarctica (lat. 78° 28’ S., long. 
163° 55’ W.), January 15, 1941. This specimen 
is too badly digested to enable one to determine 
even its generic position. 

Another part of the collection consists of 13 


specimens of a limpet, Nacella (Patinigera) 
polaris (Hombron and Jacquinot), collected 
about March 10, 1941, in Melchior Harbor, 
Palmer Land (lat. 64° 42’ S., long. 63° 25’ W.). 

The third lot consists of 96 cephalopod beaks 
not sufficiently distinct to enable one to deter- 
mine the species. They were obtained from an 
Emperor Penguin collected November 20, 1940, 
in the Bay of Wales (lat. 78° 28’ S., long. 163° 
55’ W.). 


AN OCTOCORAL OF THE UNITED STATES ANTARCTIC 
SERVICE EXPEDITION 1939-1941 


ELISABETH DEICHMANN 


Museum of Comparative Zoology, Harvard University 


So very little is known about the Antarctic 
species of octocorals that the following records 
on the single specimen obtained will be of 
interest. 

Ceratoisis microspiculata Molander 
Ceratoisis microspiculata Molander, Further Zoological 

Results of the Swedish Antarctic Expedition 1901-1903, 

2 (2): 78, pl. 5, fig. 8, text fig. 26, 1929. 

Diagnosis.— Delicate, branching at acute an- 
gle; internodes small (1-2 mm. long), solid; 
polyps scattered, with flat rods (0.15—-0.25 mm. 
long), slightly rough; tentacles with short curved 
rods transversally placed; coenenchyma thin, 
with or without rods similar to those found in 
the body of the polyps (0.21 mm. long). 

Type.—Stockholm Zoological Museum. 

Type locality——South Georgia, 200 
depth (lat. 54° 08’ S., long. 37° 03’ W.). 


meters 


Specimens examined.—A number of branches, 
collected at Neny Fjord, Palmer Land (approxi- 
mately lat. 68° 12’ S., long. 67° W.), 15 fathoms 
depth. 

Remarks.—The the 


show that 


fragments 
branches are given off alternately from opposite 
sides of the stem, in the same plane; the stem 
measures about 1 mm. in diameter; the terminal 
branches are extremely thin and delicate, almost 


hairlike. The material differs from Molander’s 
type in the lack of spicules in the coenenchyma; 
possibly it represents an older colony. 

Molander’s figure 8 on plate 5 is indicated to 
represent natural size, but it must be magnified 
almost 4 times, since the internodes are several 
millimeters long instead of 1-1.5 mm., as in- 
dicated in the text. 


PROCEEDINGS OF THE AMERICAN PHILOSOPHICAL socrety, vor. 89, No. 1, APRIL, 1945 


294 





ECHINODERMS OF THE UNITED STATES ANTARCTIC 
SERVICE EXPEDITION 1939-1941 


AUSTIN H. CLARIC 


United States National Museum 


ASTEROIDEA 
Odontaster validus Koehler 


Neny Fjord, Palmer Peninsula (lat. 68° 12’ 30” 
S., long. 66° 58’ W.); March 3, 7, 20, 1940; M. J. 
Lobell. Twenty-one specimens. 


Lysasterias adeliae (Koehler) 


Neny Fjord, Palmer Peninsula; March 3, 1940; 
M. J. Lobell. Four specimens. 


OPHIUROIDEA 
Astrotoma agassizi Lyman 


Bay of Whales (lat. 78° 28’ S., long. 163° 55’ 
W.); January 13, 1940; M. J. Lobell. One speci- 


men. 


Ophionotus victoriae Bell 


Neny Fjord, Palmer Peninsula; March 7, 1940; 
M. J. Lobell. Forty-one specimens. 

East Base (lat. 68° 12’ S., long. 67° 03’ W.); 
1940; Herwil M. Bryant. Nine specimens. 

Horseshoe Island, bay on southwest side (lat. 
67° 52’ 40” S., long. 67° 17’ W.); March 5, 1940; 
M. J. Lobell. Two specimens. 


ECHINOIDEA 
Sterechinus diadema (Studer) 


Neny Fjord, Palmer Peninsula; March 3, 6, 7, 
20, 1940; M. J. Lobell. Fifty-four specimens. 

East Base; 1940; Herwil M. Bryant. Three 
specimens. 

Horseshoe Island, bay on southwest side; 
March 5, 1940; M. J. Lobell. Sixteen specimens. 


COLLEMBOLA OF THE UNITED STATES ANTARCTIC 
SERVICE EXPEDITION 1939-1941 


GRACE GLANCE 


United States Department of Agriculture, Bureau of Entomology and Plant Quarantine 


THE only true insects collected by the expedi- 
tion were a few specimens of springtails found in 
the vicinity of the East Base by H. M. Bryant. 
It has not been possible to make specific identi- 
fications of forms. 


FAMILY PODURIDAE 
Genus and species? 


A few specimens (Bryant I-1) collected on 


fresh water on a small island (lat. 68° 12’ S., long. 
67° 10’ W.) about 20 feet above sea-level. 


FamiLy ISOTOMIDAE 


Proisotoma sp. 


Several specimens (Bryant I-2, I-3) from sur- 
face of running snow water, Red Rock Ridge, 
arm of mainland near penguin rookery (lat. 68° 


17’ S., long. 67° 13’ W.). 
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MITES OF THE UNITED STATES ANTARCTIC 
SERVICE EXPEDITION 1939-1941 


H. E. EWING 


United States Department of Agriculture, Bureau of Entomology and Plant Quarantine 


THE few specimens of mites collected in the 
vicinity of the East Base by H. M. Bryant are 
as follows: 


FamMiLy NOTHRIDAE 


Halozetes antarcticus (Michael) 


Notaspis antarctica Michael, Voyage S. Y. Belgica: 3, pl. II, 


figs. 1-11, 1903. 


Several specimens (Bryant I-1) on fresh water. 
Small island (lat. 68° 12’ S., long. 67° 10’ W.), 
October 22, 1940. 

Two nymphs (Bryant I-3) at Red Rock Ridge 
(lat. 68° 17’ S., long. 67° 13’ W.), February, 1941. 


Halozetes belgicae (Michael) 


Notaspis belgicae Michael, Voyage S. Y. Belgica: 5, pl. IT, 
figs. 12-19, 1903. 


Three male, three female, and three nymphal 
specimens (Bryant A-2) found on lichen no. 16. 
Small island (lat. 68° 12’ S., long. 67° 07’ W.), 
November 3, 1940. 

Six male specimens (Bryant A-1) taken on 
lichen no. 19. Red Rock Ridge, November 8, 
1940. 


FAMILY EUPODIDAE 


Stereotydaeus (Tectopenthalodes) villosus (Trouessart) 


Penthaleus villosus Trouessart, Voyage S. Y. Belgica: 6, 
pl. I, figs. 2, 2a, 2d, 1903. 


A few specimens (Bryant A-3) found in moss 
no. 36 at Neny Island (lat. 68°12’ S., long. 
67° 03’ W.), December 3, 1940. 
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MISCELLANEOUS ZOOLOGICAL MATERIAL COLLECTED BY THE UNITED STATES 
ANTARCTIC SERVICE EXPEDITION 1939-1941 


WALDO L. SCHMITT 


United States National Museum 


So far as possible in these critical times, the 
miscellaneous invertebrate and lower chordate 
material obtained by the United States Ant- 
arctic Service Expedition was submitted to spe- 
cialists for determination. The groups worthy 
of more extended comment are reported on 
separately. The greater part of the remainder 
of the material was identified by the following 
specialists, to whom the Antarctic Service and 
the National Museum, where the collections 
have been deposited, are duly grateful: Ro- 
tifera, Mr. Frank J. Myers, Ventnor, N. J.; 
Nemertinea, Dr. Wesley R. Coe, Scripps Insti- 
tution, La Jolla, Calif.; Bryozoa, Dr. R. S. 
Bassler, United States National Museum, Wash- 
ington, D. C.; Branchiopoda, Dr. J. G. Mackin, 
East Central State College, Ada, Okla.; Pycno- 
gonida, Mr. Joel W. Hedgpeth, Walnut Creek, 
Calif.; Ascidiacea, Dr. Willard G. Van Name, 
American Museum of Natural History, New 
York, N. Y. 

Remaining unidentified are a few sponges, 
hydroids, and polychaete worms, an oligochaete 
worm, and a single specimen of Pyrosoma. 

The named material comes from five marine 
and two fresh-water collecting stations, all in the 
vicinity of the East Base (lat. 68° 12’S., long. 
67° 03’ W.). It is listed below in systematic 
order under the several stations, which are ar- 
ranged chronologically. 

The animals are all well-known Antarctic 
forms that have been encountered by other expe- 
ditions making zoological collections in the same 
general region. 


LIST OF IDENTIFIED MATERIAL 


HORSESHOE ISLAND (BAY ON SOUTHWEST SIDE), PALMER 
LAND (LAT. 67° 52’ 40’ s., LONG. 67° 17’ 00” w.), 
19 FMS., MARCH 5, 1940 


BRYOZOA: 
Flustra sp. 
Pollaploecium sp. 
Calloporina sp. 
Cellepora sp. 
Lichenopora sp. 


Amphiblestrum sp. 
Bicellariella sp. 
Scrupocellaria sp. 
Porella sp. 


PROCEEDINGS OF THE 


ASCIDIACEA: 


Ascidia challengeri Herdman 


Pyura discoveryi (Herdman) 
Didemnum biglans (Sluiter) 


Styela verrucosa (Lesson) 


NENY FJORD, PALMER LAND (APPROXIMATELY LAT. 68° 12’s., 
LONG. 66° 58’ W.), BOTTOM DRAG, 20 FMS., 
MARCH 7, 1940 
NEMERTINEA: 
Cerebratulus corrugatus McIntosh 


ASCIDIACEA: 
A scidia challengeri Herdman 


NENY FJORD, PALMER LAND, ANTARCTICA, BOTTOM DREDGE, 
15 FMS., MARCH 20, 1940 
NEMERTINEA: 
Cerebratulus corrugatus McIntosh 
BRYOZOA: 
Flustra sp. 
Pollaploecium sp. 


Calloporina sp. 
Cellepora sp. 


Lichenopora sp. 
Amphiblestrum sp. 
Bicellarielia sp. 
Scrupocellaria sp. 
PYCNOGONIDA: 
Pentanymphon antarcticum Hodgson 
ASCIDIACEA: 
Corella eumyota Traustedt Didemnum biglans (Sluiter) 
Holozoa cylindrica Lesson 
CENTER OF NENY CHANNEL, PALMER LAND (LAT. 68° 12’s., 
LONG. 67° 03’ w.), 19 FEET OF WATER 
NEMERTINEA: 
Cerebratulus corrugatus McIntosh 
NENY CHANNEL, POST N*. 1 (LAT. 68° 12’ 5., LONG. 67° 02’ w.), 
52 FMS. 
BRYOZOA: 
Calloporina sp. 

LAGOTELLERIE ISLAND (LAT. 67° 56’ s., LONG. 67° 24’ w.), 
FRESH-WATER POOL 6 INCHES DEEP (C-3, C-4, C-5), 
DECEMBER 22, 1940; COLLECTED BY H. M. BRYANT 
BRANCHIOPODA: 

Branchinecta granulosa Daday 
FRESH-WATER POND, 12 INCHES DEEP, RED ROCK RIDGE 
(LAT. 68° 17’ s., LONG. 67° 13’ W.), JANUARY 30, 1941; 
COLLECTED BY H. M. BRYANT 
ROTIFERA: 

Philodina gregaria Murray 
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FISHES OF THE UNITED STATES ANTARCTIC 
SERVICE EXPEDITION 1939-1941 


LEONARD P. SCHULTZ 


United States National Museum 


THE various members of the United States 
Antarctic Service succeeded in bringing back to 
the United States National Museum 53 speci- 
The bulk 
of the collections was abandoned at East Base 
when it became necessary to remove the per- 
sonnel by air. However, the following speci- 
mens are now catalogued and in the national 
collections. 


mens of fishes, representing 5 species. 


lamMILy NOTOTHENIIDAE 
Pleurogramma antarcticum Boulenger 


U.S. N. M. no. 118682, from stomach of Crab- 
eater Seal (Lobodon carcinophagus) at Bay of 
Whales (lat. 78° 28’ S., long. 163° 55’ W.), Ant- 
arctica, January 23, 1940; collected by M. J. 
Lobell. Twenty-one specimens, 58 to 171 mm. 
in standard length. 

U.S. N. M. no. 120204, Bay of Whales, Ant- 
arctica, December, 1940; collected by J. E. 
Perkins. Three specimens, 144 to 160 mm. in 
standard length. 

U. S. N. M. no. 118725, larval nototheniids 
from the stomach of a Snow Petrel (Pagodroma 
nivea), East Base, Palmer I.and (lat. 68° 12’ S.., 
long. 67° 03’ W.), May 15, 1940; collected by 
H. M. Bryant. About 18 specimens in very bad 
condition are probably this species, although 
they are partly digested and identification is far 
from certain. 


Notothenia coriiceps Richardson 


U. S. N. M. no. 120205, Melchior Island, 
Palmer Land, between Brabant and Antwerp 
Islands, March 6, 1941; collected by J. E. Per- 
kins. Four specimens, 245 to 360 mm. in stand- 
ard length. 


Trematomus newnesi Boulenger 


U.S. N. M. no. 118685, Neny Fjord, Palmer 
Land (lat. 68° 12’ S., long. 66° 58’ W.), March 7, 
1940; collected by M. J. Lobell. Five specimens, 
38 to 81 mm. in standard length. 


FAMILY SERRANIDAE 


Epinephelus merra Bloch 


U. S. N. M. no. 118683, Rapa Island, South 
Pacific Ocean, December 17, 1939; collected by 
One specimen, 160 mm. in stand- 


M. J. Lobell. 
ard length. 


FAMILY EXOCOETIDAE 
Danichthys gilberti (Snyder) 


U.S. N. M. no. 118684, off the coast of South 
America, lat. 24° 32’ S., long. 74° 42’ W. to lat. 
29° 01’ S., long. 73°13’ W., April 4, 1940; 
collected by M. J. Lobell. One specimen, 255 
mm. in standard length. 
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CONDENSED ORNITHOLOGY REPORT, EAST BASE, PALMER LAND 


Captain CARL R. EKLUND, U. S. Army 


Ornithologist, East Base, U 


A FAIRLY varied pelagic avifauna was found 
at the East Base of the United States Antarctic 
Service Expedition (lat. 68°12’ S., long. 67°03’ 
W.), in comparison with that at other Antarctic 
expedition bases. The Adélie Penguin (Py- 
goscelis adeliae), South Polar Skua (Catharacta skua 
maccormickt), Kelp Gull (Larus dominicanus), 
and Snow Petrel (Pagodroma nivea), all spend 
their breeding season in this area; and observa- 
tions of the Antarctic Tern (Sterna vittata) indi- 
cate that it probably nests within this locality. 
The Giant Fulmar (Macronectes giganteus) and 
Wilson’s Petrel (Oceanites oceanicus) are occa- 
sional migrants, and a Blue-eyed Shag (Phalacro- 
corax atriceps) has been collected 20 miles north- 
ward from the base. The Antarctic Petrel 
(Thalassoica antarctica) was never observed at 
the base, but a sledging party reported seeing 
this species near the edge of the Weddell Sea, 
to the eastward. 

Skins and skeletons to the number of 112 were 
prepared as museum specimens. These in- 
cluded skins of 32 Adélie Penguins, 1 Ringed 
Penguin, 5 Antarctic Terns, 21 Kelp Gulls, 7 
Snow Petrels, 3 Giant Fulmars, 22 South Polar 
Skuas, and 1 Blue-eyed Shag, and skeletons of 6 
Adélie Penguins, 6 Skuas, 2 Antarctic Terns, 5 
Kelp Gulls, and 1 Giant Fulmar. Emergency 
evacuation of the East Base by airplane caused 
abandonment of all but 43 of these specimens. 
The specimens taken out by plane consisted 
mainly of salted skins of the larger species and 
prepared study skins of the smaller birds. Two 
Antarctic Tern skeletons and one Adélie Penguin 
skull were also taken out. In addition to these, 


a white-plumaged Giant Fulmar was brought 
out alive. 


Twenty-four sets of eggs of Adélie Penguin, 
Kelp Gull, South Polar Skua, and Snow Petrel 


were collected and prepared. Stomach con- 
tents had also been collected in a determination 
of food habits of the various species. Of these 
specimens, only six sets of Adélie Penguin eggs 
and one set of Snow Petrel eggs could be taken 
out. 


. S. Antarctic Service 


A separate paper, dealing more fully with the 
body temperatures of birds encountered on this 
expedition, has been published." 


Pygoscelis adeliae (Hombron and Jacquinot). 
Adélie Penguin 

This species is a breeding resident near East 
Base, and two rookeries were under observation. 
The Red Rock Ridge rookery in latitude 68°17’ S., 
longitude 67°12’ W., was situated on a shingle 
beach and talus off the ridge. About 1,200 
birds nested there. A second rookery of about 
1,500 birds was at Lagotellerie Island in latitude 
67°56’ S., longitude 67°24’ W. This island is a 
metamorphic and igneous rock outcropping ap- 
proximately 2 miles long and 1 mile wide, with 
most of it not over 100 feet in elevation. De- 
tailed nesting observations at both rookeries 
were carried on by Herwil M. Bryant, East 
Base biologist. 

The South Polar Skua appeared to be the 
worst predator of the Adélie juveniles. At the 
Red Rock Ridge rookery there were approxi- 
mately 125-200 skeletons of young birds strewn 
about the rocks, and most of these could prob- 
ably be attributed to the skua. Farther to the 
north, near Melchior Harbor, the Sea Leopard 
(Hydrurga leptonyx) was a serious predator of 
the penguin. This mammal is quite active on 
the ice, and if it ever acquired the habit of 
preying on the rookeries, the penguin might 
easily be marked for extinction within a com- 
paratively short period. 

One isabelline juvenile was collected at the 
Red Rock Ridge rookery, and this was the only 
one of its type observed here. The soft down 
feathers, instead of having the customary dark 
gray color, had a light brown hue. 

The food of this species consists chiefly of a 
small transparent fish (Nototheniidae) aad the 
Opossum Shrimp (Euphausia superba). Small 
pebbles are found in the stomachs of most 
specimens. Fifty-two pebbles, varying in size 


1 Eklund, Carl R. Body temperatures of Antarctic 
birds. Auk 59 (4): 544-548, 1942. 
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from 2 to 4 mm., were taken from one bird. 
Just what purpose these pebbles might serve is 
somewhat problematical. Possibly they aid. in 
food digestion, but this seems hardly logical, 
since the food of the penguin (fish and shrimp) 
is quite soft and would not necessitate the 
grinding action of rocks or pebbles, as is the case 
with the seed-eating gallinaceous birds. 

Four adult male penguins collected at the end 
of the nesting season in the early part of February 
averaged 4375 grams in weight (maximum 4580, 
minimum 3920). Four adult females taken 
during this same period averaged 3820 grams 
(maximum 4220, minimum 3220). One male 
collected in November at the start of the nesting 
season weighed 3520 grams. Seven juvenile 
males collected in early February averaged 2696 
grams (maximum 3795, minimum 1760). Seven 
juvenile females taken at the same time averaged 
2291 grams (maximum 3250, minimum 1620). 

Temperatures were taken on 23 specimens, and 
these averaged 103.8° F. (39.89°C.). The low- 
est recording showed 100.3° F.; the highest, 
106.4° F. 

A blood count taken on an Adélie at the West 
Base, near Little America, during unloading 
operations in January 1940, by Dr. Geyer, 
ship physician of the U. S. M. S. North Star, 
showed an erythrocyte count of 2,500,000. 


Pygoscelis antarctica (Forster). Ringed Penguin 


This penguin is apparently a Subantarctic 
species, confined mainly to the American quad- 
rant of the continent aléng the Palmer Peninsula. 
None were encountered near the West Base, 
nor were they observed as far south as the East 
Base. While the U. S. M. S. North Star was 
anchored at Melchior Harbor (latitude 64°42’ S., 
longitude 63°25’ W.), awaiting an opportunity to 
evacuate the East Base, expedition personnel 
found a Ringed Penguin rookery, and some col- 
lections were made. This bird is quite common 
in the South Shetland and South Orkney Islands 
at the northern end of the Palmer Peninsula, 
and the Belgian, Swedish, and French Antarctic 
expeditions found it as far south as the 65th 
parallel. 


Macronectes giganteus (Gmelin). Giant Fulmar 


The largest species of the petrel family was a 
late summer visitor, and apparently came south 
after its nesting season was over farther to the 


north. No nests, or evidence of nesting, were 


. EKLUND 


found around East Base, and its southernmost 
known breeding area is at approximately lati- 
tude 65°S. in the Palmer Peninsula. It was 
last seen at the base before the advent of winter, 
on April 22, 1940. The first bird of the season 
was observed the last week in January 1941. 
Only an occasional bird was seen until March, 
and then they were usually seen in flocks of 
40-50. 

A white-plumaged Giant Fulmar was brought 
back alive and is now in the National Zoological 
Park. This specimen was caught by being 
“run down” after it had eaten such a quantity of 
seal entrails that it was unable to disgorge fast 
enough before it could take off. Only two 
white fulmars were seen out of a possible hundred 
observations. Sir Hubert Wilkins in the South 
Georgia Islands and the Scotia naturalists in the 
South Orkneys found a 2-per cent population of 
white birds among the dark-plumaged ones. 

The stomach of one specimen contained 
several small pebbles and some Snow Petrel 
feathers. On being shot, the bird regurgitated 
bones, feathers, and two feet of the Snow Petrel. 

Cestodes were found in the abdominal cavities 
of several specimens. 

Two males weighed 4330 and 4400 grams; a 
female, 3210 grams. 

Rectal temperatures of three specimens were 
104.3°, 105.0° and 105.8° F. (average, 105.03° F.). 


Pagodroma nivea (Forster). Snow Petrel 
ag 


This species was first observed on December 
31, 1939, while we were en route to the West Base 
in the Bay of Whales, in latitude 63° S., and just 
before we entered the pack ice. From then on 
they were seen continually as long as the ships 
stayed anywhere near the pack ice. 

Our last seasonal observation at the East Base 
was made on May 15, 1940, and they were not 
seen again until August 10, 1940. This made the 
Snow Petrel the longest “resident” for this area. 
High winds would often bring them near the 
base, especially if open water, where they might 
feed, was nearby. The birds could often be seen 
flying at night, and several collections were 
made at such a time, when they became blinded 
by the lights and flew against the buildings, 
momentarily stunning themselves. 

From August 10 on they were seen at more or 
less regular intervals throughout the summer, 
and they nested within the area. Many were 
seen flying around the peaks of Neny Island, 
within a mile of the base. Although several 
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attempts were made to find their nests, it was 
impossible to climb the steep-sided peaks to the 
places where nests were most likely to be found. 
In spite of our inability to make nest observa- 
tions here, it was felt certain there was a rookery 
on the island, because 75 to 100 Snow Petrel 
wings were found at the base of the peaks. 
Measurements showed most of these to be 
juvenile birds. Skuas had probably eaten a 
large proportion. 

On the Southern Sledging Party, Ronne and 
| observed a Snow Petrel at the southern end of 
King George VI Sound in latitude 73°07’ S., 
longitude 70°19’ W. This is perhaps the farthest 
south that the bird has ever been observed in the 
American quadrant of Antarctica, inasmuch as 
it is believed that we penetrated farther south, 
with our sledges, than any human being had ever 
previously been in that section. This observa- 
tion was made on December 10, 1940. 

On January 2, 1941, on the return of our sledg- 
ing trip, we found a Snow Petrel rookery on the 
southernmost peak of Alexander I Island, at 
the southern end of King George VI Sound, in 
latitude 72°02’ S., longitude 68°55’ W. This 
marks it as the southernmost known rookery of 
the Snow Petrel in the American quadrant of the 
Antarctic Continent, and extends the southward 
breeding range, in this section, over 350 miles. 

From 80 to 100 birds were first observed flying 
around the peak of sedimentary rocks, rising to 
a height of 2,000—2,500 feet. An ascent was 
made three-quarters of the way up a gradual 
slope on the northeastern side. At this point 
several birds could be heard in their nesting 
burrows. These burrows were simply holes, 
cavities, or fissures in the rocks. In one in- 
stance there was a hole under one large boulder, 
and in another case several rocks were piled 
together in such a manner as to afford excellent 
protection for the nesting bird. In this last 
burrow two birds were found together but there 
was no egg there. In the burrow under the 
boulder was a lone bird sitting on one egg. The 
egg was collected, but only after the bird had 
made four ejections of an orange, oily spew. 

There were undoubtedly many birds nesting 
on this peak, for many could be seen alighting 
on rocks, only to disappear—presumably into 
burrows. Nests can be quite easily detected 
once an approach is made within 10 feet of the 
burrow, because the sitting bird will set up a 
rather loud, rasping cluck. 

Many feathers and parched bones were strewn 
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over the rocks, but no predators could be seen. 
We had never observed skuas closer than 75 miles 
to this rookery. The isolation of these peaks 
may be an ecological factor in their selection as 
nesting sites in that there would be less predation 
here—such as from the skua—than there would 
be in places near open water. (Many more dead 
birds were found at the supposed Neny Island 
Snow Petrel rookery, where many skuas are 
present.) There was open pressure ice in the 
Sound, 12 miles from this peak, where the birds 
might obtain food, but the actual open sea was 
100-110 miles distant. 

At the entrance to the burrow where the egg 
was collected, a layer of droppings 1? inches 
thick was found. A cross-section through this 
revealed four distinct chalky layers. At the 
top there was a white chalky layer, formed from 
the droppings of the bird, then a thin layer of 
fine sedimentary dust and sand. The whole 


reminded me somewhat of growth rings in trees. 
Apparently this same burrow had been used for 
four, probably successive years, during which the 
chalky layers had been deposited while the bird 
was occupying the burrow during the nesting 
season; and in each interim between nesting 
seasons, when the burrow was unoccupied, a 


fine layer of sedimentary sand had been de- 
posited by the wind over the chalky droppings. 
Whether the same bird had used this burrow in 
successive years is only a matter of conjecture. 
Banding, with successive observations for two 
years, would be the only method of determining 
this. In this connection it is interesting to note 
that Roberts,? ornithologist of the British 
Graham Land Expedition in 1932-35, found, 
through banding, that Wilson’s Petrel used the 
same nesting burrow in successive years. 

The entrance to the burrow measured 5 by 73 
inches, and the egg was laid on the bare soil 
within 1 foot of the opening. The opening 
faced to the north, and this again might be an 
ecological factor in determination of the site. 
Over 90 per cent of the birds observed at this 
peak were flying around the north side of the 
mountain. This could be an indication that 
their nests were mainly on this side. During 
the nesting season there is continual daylight, 
and although the sun completely encircles this 
peak within 24 hours, it is by far the warmest 
shortly after noon, when the sun is to the north 


2 Roberts, Brian. The life cycle of Wilson’s Petrel, 
Oceanites oceanicus (Kuhl). British Graham Land Exped. 
1934-37, Sci. Repts. 1 (2): 141-194, 7 pl., 20 figs., 1940. 
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of the peak and at a higher angle. The warming 
effect of the sun from the north may have some 
influence in the selection of the site. On the 
other hand, the rocks on the north side of the 
peak are more exposed, owing to the more exten- 
sive melting of snow here, and consequently 
more nesting sites would be available. 

The egg collected contained a well-developed 
embryo, which probably would have hatched 
within three more days. Incubation was prob- 
ably begun after December 1, and certainly no 
later than December 10. The dark gray pre- 
natal down was quite well developed on the 
chick. 

The main item of food for the Snow Petre] 
seemed to be a small, silvery, altnost trans- 
parent fish, which is very abundant in the waters 
near the base. When high winds opened the 
ice in Neny Fjord, flocks of 40-50 petrels could 
be seen cruising over the open water. When one 
was collected at this time, it disgorged 40-45 of 
these small fish, which were 1—2 inches long. 

Skuas are probably their worst predators. 
Just the wing bones and feathers of many ju- 
venile birds were found at the base of mountain 
peaks on Neny Island. On one occasion a skua 
was seen eating a bird. This, however, did not 
prove that the skua had actually killed it. 
It could have died normally and had then been 
found. Feathers, bones, and two feet of a Snow 
Petrel were found in the stomach of a Giant 
Fulmar. It is, however, rather difficult to 
imagine this huge, rather cumbersome bird 
finding access to a Snow Petrel’s nest, and it is 
even more difficult to imagine it capturing such 
prey in mid-air. 

The characteristic voice or call of the Snow 
Petrel is a series of swift, rather high-pitched 
notes sounding somewhat like ke, ke, ke, ke, ke. 

Rectal temperatures of three birds were 103.8°, 
104.1°, and 102.1°F. (average, 103.3°F. or 
39.6° C.). 

A blood count, taken by Dr. Lewis Sims, 
East Base physician, on an uninjured male 
Snow Petrel, showed 27,520,000 erythrocytes and 
355,200 leucocytes per cubic millimeter. The 
normal erythrocyte count in humans is 4,000,000, 
while the normal leucocyte count is 5—10,000. 


Oceanites oceanicus (Kuhl). Wilson’s Petrel 
This small, oceanic petrel was first observed 
while we were en route to the West Base on De- 
cember 14, 1939, in latitude 18°S., longitude 
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93° W. It was seen regularly as far south as 
latitude 70° S., and more or less regularly all the 
way east along the Antarctic Continent to 
Marguerite Bay and the East Base, in Palmer 
Land. It was last seen at the East Base on 
March 21, 1940, and several specimens were 
collected at this time. 

One of these petrels was observed on Decem- 
ber 27, 1940, at the south end of Alexander I 
Island, on King George VI Sound, during the 
trip of the Southern Sledging Party. It was 
the only one of its kind seen and at this point 
(latitude 72° S.) it was over 75 miles from open 
water. This is the most southerly point at which 
it has ever been observed, in the American quad- 
rant of Antarctica. 


Phalacrocorax atriceps King. Blue-eyed Shag 


This species was not actually observed at the 
East Base, but one specimen was collected in 
March 1940, at Horseshoe Island, 20 miles to 
the north of the base. Very few were seen in 
this area, but farther to the north, at Melchior 
Harbor, in latitude 64°42’ S., longitude 63°25’ 
W., many birds were observed by men on the 
U. S. M. S. North Star, and a few specimens 
were collected by Jack E. Perkins, West Base 
biologist. The bird probably nests within the 
Melchior Harbor area. 


Catharacta skua maccormicki (Saunders). 
South Polar Skua 


Previous polar observations of this species 
show it to be the most southerly bird in the 
world. It was first seen on our arrival at the 
West Base in January 1940. It was the most 
common bird at the East Base. First ones of the 
summer season were seen on November 7, 1940, 
and the last observation during the previous 
season was April 19, 1940. 

Nests were found on seven small islands near 
the base, and the birds undoubtedly breed all 
along the west coast of the Palmer Peninsula. 
The most southerly nest observed was at Refuge 
Island in latitude 68°27’ S., longitude 67°19’ W. 
Many birds were seen at the Red Rock Ridge 
penguin rookery, but only three nests were ob- 
served here. 

A lone pair of skuas was observed by the 
Southern Siedging Party at a point 300 miles 
south of East Base on the southern end of King 
George VI Sound, in latitude 73°14’ S., longitude 
71°27’ W., over 100 miles from open water. 
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These were the first, and last, seen since the party 
left the sea ice. They had apparently been at- 
tracted to our camp by the meat of a dog that 
had been killed the previous night. It was the 
first time meat had ever been exposed on the 
trip, and whether they were attracted there by 
sight or smell is problematical. It was hard to 
imagine their presence was purely accidental, 
since they were seen only during the time the 
meat was exposed. There were no seals in this 
area, although a Snow Petrel was later found 
within 75 miles. 

This carrion-eating bird has a very voracious 
appetite, and thinks nothing of stealing food 
almost from under foot. Its main item of food 
at the base was seal entrails, which were obtained 
after the seals had been killed for dog food. 
Next in importance were the penguins and Snow 
Petrels obtained from the rookeries. They were 
in constant attendance at the Red Rock Ridge 
rookery, where they never hesitated to steal 
eggs and the young penguins, whenever the 
adult birds were not preventing it. About a 
hundred wings of juvenile Snow Petrels were 
found on Neny Island; most of them had prob- 
ably been eaten by skuas. Once a skua swooped 


down and picked up a dead Antarctic Tern while 


I was shooting at four other terns that were 
hovering over the dead bird. While we were 
fishing through tide cracks, it was a common 
occurrence for skuas to sneak up and steal fish 
that had been laid on the ice. Pupping of the 
seals may govern, to a certain extent, the skuas’ 
time of arrival in the far southern areas. Placen- 
tae of the newly born seals constitute part of their 
food. 

Fifteen birds were banded. These were quite 
easily caught with a string snare. Meat was 
placed on the snow and encircled with the loop 
of the snare. About 50 feet of lead string was 
attached to the loop. 

The weights of 20 adult specimens averaged 
1297 grams (maximum 1940, mininum 1040). 
A chick 5 or 6 weeks old weighed 1010 grams, and 
a juvenile 8 or 9 weeks old weighed 1105 grams. 
This last bird was collected on one of its first 
flight days. 

The call of the skua can be best likened to that 
of the crow; it is a rather rasping caw. When 
the birds are wrangling over a piece of carrion, 
they will give out a loud kuuh, kuuh. Usually 
one of them will then fly or jump at another. 

The temperatures of 28 specimens were re- 
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corded with an Asepto rectal thermometer. 
They averaged 106.14° F. (maximum 108.4°, 
minimum 103.4°). Some of these birds had 
been wounded, but the majority were uninjured. 

On March 10-11 hourly records were taken 
on two uninjured adult birds for a period of 25 
hours. One bird showed a high of 107.1° and 
a low of 103.8° F. (average 104.76° F.), while 
the second had a high of 108.4° and a low of 
103.5° F. (average 105.12° F.). Highest tem- 
peratures were reached around 3 P.M., after 
which there was a gradual decline to midnight. 
For the next 3-4 hours the temperatures. re- 
mained somewhat constant, after which there 
was a gradual rise up to the middle of the 
afternoon. 


Larus dominicanus Lichtenstein. Southern 
Black-backed or Kelp Gull 


This was a rather common bird at the East 
Base, and only the Snow Petrel was seen more 
regularly during the course of the year. Flocks 
of 30-40 birds were observed when we first set 
up the base in March 1940, and these were seen 
frequently throughout April. The immature or 
brown-plumaged gulls were predominant five to 
one. The last bird was seen on May 23, 1940, 
and the first observation after the winter season 
was on October 5, 1940. 

Nests were not found in the immediate vicinity 
of the East Base, but Mr. Bryant observed two 
nests at Lagotellerie Island near the penguin 
rookery, in latitude 67°56’ S., longitude 76°24’ 
W., and this appears to be the southernmost 
record yet established for this species. One of 
these nests hatched out December 23, 1940; 
so incubation was probably begun the latter part 
of November. Both nests were lined with pen- 
guin feathers, and each contained two speckled 
eggs. 

Food habits of the Kelp Gull appear to be 
quite varied. Seal entrails seemed to be their 
main diet around the base, and often they could 
be seen fighting and wrangling with the skua, 
and occasionally with the Giant Fulmar, over a 
piece of meat. Usually the gulls remain some- 
what aloof from the skuas while the latter are 
eating; but when the urge comes to eat, they 
will chase the other birds away with a few pecks 
of the bill and with loud, raucous screams. 
They appear to be more wary than the skuas. 

The stomach of one bird contained a few 
small feathers—probably Snow Petrel—and a 
small piece of green grass. The grass (Des- 
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champsia antarctica) was probably eaten 20 
miles to the northward, at Lagotellerie Island, 
where it grows rather abundantly. Another 
stomach contained a hard, waxy, transparent 
ball the size of a marble. 

Cestode parasites were found in the intestines 
of most of the birds collected. The intestine 
of one adult measured 144 cm. 

Thirteen immature birds, with the brown 
plumage, averaged 916 grams (maximum 1190, 
minimum 600). Eight adult birds averaged 
1192 grams (maximum 1295, minimum 1030). 

Rectal temperatures of 16 birds varied from 
107.4° to 104.2°F. (average, 105.77° F. or 
40.98° C.). 


Sterna vittata Gmelin. Antarctic Tern 


The first of this species was observed on 
March 5, 1940, off the coast of Adelaide Island in 
Marguerite Bay, latitude 68° S., longitude 76° W. 
The last observation for the season was made on 
March 26, 1940. The first observation of the 


1940-41 summer season was made by the South- 
ern Sledging Party on November 8, 1940, at the 
Wordie Shelf Ice, 100 miles south of the base. 
Considerable open water in the pressure ice in 


this vicinity may have afforded the birds an 
opportunity for obtaining food. The observa- 
tion was made at latitude 70°04’ S., longitude 
68° W., and as far as is known this is the southern- 
most record. 

The Antarctic Tern was a summer resident at 
the East Base from November to the latter part 
of March. Although actual nesting records were 
never obtained, there is some justification in 
assuming that the bird nests in the near vicinity. 
Bryant spent a week at the Lagotellerie penguin 
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rookery, 20 miles north of the base, and he 
reports seeing many, apparently paired birds, 
flying in the vicinity of this rookery. They 
were believed to nest not only at Lagotellerie 
Island, but also at Horseshoe Island (latitude 
67°40’ S.), Cape Calmette (latitude 68° S.), and 
Debenham Island (latitude 68°06’ S.). Al- 
though we visited this last island in March and 
observed the birds, no evidence of nesting was 
found. 

When observed at the East Base, they were 
usually in flocks of 4-12 birds. Their high- 
pitched tones could often be heard for a long 
distance, before the bird was ever seen. The 
common call seems to be a chirped juh, juh, not 
unlike the robin’s call. This is sometimes varied 
by a series of je, je, je in very high-pitched stac- 
cato tones. This is climaxed by a longer whistled 
jieu, jieu, sounding somewhat similar to the 
call of the Red-shafted Flicker. 

Their flight appears to be quite aimless and 
erratic, and they often change levels. They 
apparently like to fly at high altitudes, and one 
very interesting observation was made in this 
connection during the course of a balloon run 
conducted by the meteorologist, H. G. Dorsey. 
The observation was made in December 1940. 
While following the course of the red-colored, 
gas-filled balloon with a theodolite, he observed 
a tern flying around the balloon at a height of 
4,500 feet. Several similar observations were 
made on other days at altitudes from 500 to 
1,000 feet. The bird usually circled the balloon 
several times as if out of curiosity. 

The weights of three specimens were 145, 120, 
and 160 grams (average, 143 grams). Their 
temperatures averaged 105.63° F. (maximum 
106.2°, minimum 105.2° F.). 





BIRDS OF THE UNITED STATES ANTARCTIC SERVICE EXPEDITION 1939-1941 


HERBERT FRIEDMANN 


United States National Museum 


THE United States Antarctic Service was com- 
missioned in 1939 by the President of the United 
States under a special Congressional appropria- 
tion to establish bases in the Antarctic and to 
explore certain portions of that continent from 
the standpoint of geographical mapping and to 
investigate certain scientific fields. The Service 
was under the command of Rear Admiral Rich- 
ard E. Byrd, U.S. N. (Ret.). 

Two bases were established: one under the 
leadership of Dr. Paul A. Siple at the Bay of 
Whales, the point on the circumference of the 
Antarctic Continent where the open ocean en- 
croaches farthest south towards the pole, at lati- 
tude 78° 34’ S., longitude 163° 56’ W.; and the 
other, led by Lieut. Richard B. Black, U.S.N.R., 
on the Palmer Peninsula, just 100 miles within 
the Antarctic Circle and due south of Cape Horn, 
at latitude 68° 11’ 52’ S., longitude 67° 02’ 43”" W. 
The base at the Bay of Whales was named 
“West Base’’; the one on the Palmer Peninsula, 
‘“‘East Base.’”’ These names are used throughout 
the present report as they were used on the labels 
of the specimens collected. The personnel of 
both bases was drawn from government agencies, 
the Army, the Navy, and from private institu- 
tions, the biologists being furnished by the Bu- 
reau of Biological Survey and the Bureau of 
Fisheries (since merged to form the Fish and 
Wild Life Service) and the Smithsonian Institu- 
tion. Jack E. Perkins was the biologist assigned 
to West Base, while Carl R. Eklund and Herwil 
M. Bryant were stationed at East Base in the 
same capacity. 

West Base was established on January 12, 
1940, and work at East Base was begun on March 
12, 1940. The latter was situated on a low off- 
shore island adjoining a large glacier, and it 
allowed ready access to land and sea alike. This 
island, known unofficially as ‘‘Stonington Island”’ 
after the home port of the old American sealing 
fleet that played so large a role in the early ex- 
plorations of the area, is one of the many glaci- 
ated islands that dot the coastline of Marguerite 
Bay. It lies off the west coast of the Palmer 
Peninsula where great glaciers, separated by 
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precipitous ridges, drop down to the sea from 
the mile-high ice plateau. Although ice-bound 
for eleven months of the year, the location was 
found to offer a rich biological field. 

West Base was occupied until February 1, 
1941, while East Base was utilized until a forced 
evacuation had to be made on March 22, 1941. 
Aside from collecting specimens and making 
observations at and near the two bases, the 
biologists were able to make some ambitious 
sledging trips. Thus, from East Base, trips 
were made to Millerand Island, to Lagotellerie 
Island, to Red Rock Ridge, Alexander Island, 
and the south end of King George VI Sound 
(lat. 73°07’ S., long. 70°19’ W.), while from 
West Base trips were made to the Rockefeller 
Mountains 120 miles to the east-northeast, and 
to the Edsel Ford Mountains 300 miles distant 
in the same direction. In the Rockefeller Moun- 
tains the collecting was done by Roy G. Fitz- 
simmons, in charge of the seismic station there; 
on the Edsel Ford trip the collector was Perkins. 

M. J. Lobell accompanied the expedition on 
its trip south, but returned north when the 
supply ships left for their winter quarters. He 
brought back a number of specimens, the data 
for which have been incorporated in this report. 
Malcolm Davis, of the National Zoological Park, 
was also a temporary member of the expedition, 
returning with living specimens for the park. 

Unfortunately, owing to unusually difficult ice 
conditions necessitating a forced evacuation of 
East Base, a large part of the collections stored 
there had to be abandoned. Nevertheless the 
bird material that was brought back to the 
National Museum, and on which this report is 
based, totals some 154 birds and 23 eggs, repre- 
senting 14 species. To these might be added 11 
more skins of 8 species obtained off South 
American coasts during the long voyage down 
and back, but inasmuch as these are not Ant- 
arctic forms, they are not included here. 

Comparison of the collections made by this 
expedition with those of the second Byrd Ant- 
arctic Expedition (reported on by Siple and 
Lindsey, 1937: 147-159) reveals some interesting 
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differences. The present collectors obtained no 
albatrosses (Diomedeidae), Silver-gray Fulmars 
(Priocella antarctica), or Pediunkers (Adamastor 
cinereus), although Siple and Lindsey had. On 
the other hand, the latter did not get any 
Gentoo Penguins, Ringed Penguins, Giant Ful- 
mars, Cape Pigeons, Blue-eyed Shags, Arctic 
Terns, or Antarctic Terns. 

The Antarctic birds collected on the present 
expedition are reported upon in the following 
pages. In the preparation of this paper I have 
had at my disposal extensive field notes by the 
collectors, Bryant, Eklund, and Perkins, but I 
have incorporated only a few passages from 
these notes, in order to avoid duplicating matter 
that appears in the separate reports by these 
authors. 


Aptenodytes forsteri G. R. Gray. Emperor Penguin 


A ptenodytes forsteri G. R. Gray, Ann. and Mag. Nat. Hist. 
13: 315, 1844 (Antarctica, lat. 64° 77’ S.). 


Specimens collected: 
22 o&, 2, and unsexed adults, Bay of 
78° 28’ S., long. 163° 55’ W.), 
20, 1940. 


Whales (lat. 


Antarctica, November 


The weights as recorded in the field range from 
52 to 68 pounds; the standing height of the birds, 
from 32.5 to 38 inches. There appears to be no 
constant difference in size or weight between the 
two sexes. Such measurements as were made 
in the field and those subsequently made in the 
museum add nothing to the data previously 
assembled by Falla (1937: 32). All the birds 
collected are adult or nearly fully adult. The 
only variation in this series that does not appear 
to have been mentioned by other writers has to 
do with the posterior margin of the black throat. 
In some birds it is strongly indented medially by 
a forward extension of the white of the lower 
throat; in others it is only slightly so or is nearly 
straight across the throat. The eye was recorded 
as dark brown in five females and in three males, 
and as black in one male. 

It is worth mentioning that none of the speci- 
mens collected show signs of molt, although 
Falla records birds in molt by the second week 
in December. 


The gizzard of one of the frozen specimens was 
submitted to Dr. Clarence Cottam for examina- 


nation. He reports that it contained but a 
single food item—squids, of which 96 beaks and 
eye lenses were present. Some of these beaks 
were more than 12 mm. in length, so the squids 
eaten must have been large, probably more than 
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a foot in length. Also present was a small 
amount of gravel of a granitic type. 

No Emperor Penguins were seen at the East 
Base. 

The following may be included here, since it 
refers to the present expedition’s work. Vasco 
M. Tanner (1941: 122-124), commenting on 
some Antarctic birds given to the Brigham 
Young University by Dr. Russell G. Frazier, a 
member of the present expedition, lists a speci- 
men of the Emperor Penguin. This was prob- 
ably one of two specimens captured alive in 
Discovery Inlet in January, 1941, but neither 
of them was among the collections received in 
Washington. 


Pygoscelis papua (Forster). Gentoo Penguin 


A ptenodytes papua Forster, Comment. Gétting. 3: 140, 
pl. 3, 1781 (Falkland Islands). 


Specimen collected: 
1 unsexed adult, 
March 5, 1941. 


Melchior Islands, Palmer Land, 


In addition to the single specimen which was 
sent in frozen (and of which a trunk skeleton 
was saved as well as the skin), six were captured 
alive. Of these, two died en route and unfortu- 
nately were not saved, while the other four 
reached the National Zoological Park in good 
condition. 

Murphy (1936, 1: 370) has concluded that the 
proposed subdivision of this species into two 
races cannot be maintained, since their characters 
are not constant. I have examined specimens, 
which, on the basis of geography, should be 
taeniata, the Macquarie Island form, and I also 
cannot find any valid reason for its recognition. 
The present specimen is therefore recorded 
binomially. 


Pygoscelis adeliae (Hombron and Jacquinot). 
Adélie Penguin 


Catarrhactes adeliae Hombron and Jacquinot, Ann. sci 
nat., ser. 2, 16, zool.: 320, 1841 (Adélie Land). 


Specimens collected: 

1 o, skull only, Red Rock Ridge Rookery, Palmer Land, 
November 6, 1940. 

7 adults, &, 9, and unsexed, Bay of Whales, January 
22, 1940. 

1 adult co’, 1 juvenal co, East Base, January 29, 1941. 

2 adult o&, 2 adult 9, 1 adult unsexed, 3 juvenals o’, 2, 
East Base, February 16-17, 1941. 

1 adult 9, West Base, no date. 

4 sets of 2 eggs each, Red Rock Ridge, Palmer Land, 
November 28, 1940. 
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The young male collected at East Base 
(Palmer Land) in January is in an early stage of 
the postnatal molt; it is still largely covered 
with sooty fuscous woolly down, but the bluish 
feathers of the first pennaceous plumage are 
already showing in masses on the hind neck and 
upper back. The other juvenal birds collected 
are in full juvenal plumage. They were said to 
be 10-13 weeks old. 

Besides the above-listed specimens, a number 
(about a dozen) were brought back alive to the 
National Zoological Park. 

The measurements of the present series add 
nothing to previously published data on this, 
one of the most thoroughly known of all pen- 
guins. Careful observations on this species were 
made by various members of the expedition, and 
they have been incorporated, for the most part, 
in other papers in the present volume. Only a 
few additional items, therefore, need be reported 
here. 

Eklund, 


writes 


at the East Base in Palmer Land, 
as follows: 


Thirty-eight specimens were collected and seven 
of these, including one skull, were brought back 
(field numbers 13, 51, 52, 53, 54, and 86—C. E., 
and 10 Bryant—skull). 

Near Melchior Harbor the Sea Leopard (Hydrurga 
leptonyx) was a serious predator of this penguin. 
In one instance an individual actually poked its 
head out of the water to take the penguin off a low 
rock. This is most unusual in that the species has 
never been known otherwise to catch 
outside of the water. 

The Giant Fulmar is regarded as a predator of 
the penguin, but it was never observed at either of 
the rookeries. This bird does not usually come in 
any numbers to the East Base area until the latter 
part of February and March, and by this time the 
majority of the birds have left the rookeries and are 
migrating north. 

An attempt was made to determine the pulse rate 
of the Adélie, but lack of a sphygmometer prevented 
anything but a very superficial count. The method 
used was to have one person place the hand over the 
breast muscles of the bird and follow the count 
aloud in series of ten, as a second person recorded 
the count and kept time for one-minute intervals. 
After one minute there was an interval of two 
minutes, after which a similar second count was 
made. This was done with three birds. Invariably 
the second count was lower, owing probably to lesser 
excitement of the bird. The first-minute pulse rate 
of the three birds averaged 166 beats, while the 
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three birds on the second minute averaged 148 beats. 
No doubt a sphygmograph would record a slower, 
and more uniform beat. 





S. ANTARCTIC SERVICE EXPEDITION 


307 


The following statistics on the rookery at 
Red Rock Ridge were supplied by H. M. 
Bryant: 

Check on 34 nesting sites during the week of Novem- 
ber 23-30, 1940: 


Nests with two eggs throughout period... . 


25 
Empty nests throughout period........... 1 
* Only one egg throughout period......... 3 
Second egg laid during period. oe 3 
First and second eggs laid during period. . 2 


Average incubation period........... 34 days 

Interval between laying of first and second 
eggs. aoe . 24-70 hours 

Interval between ‘copulation and laying of 
first egg (only a single case)....... 80 hours? 


(* First egg may have been 


taken for eating 
purposes. ) 


Weights of 18 Adélie Penguin eggs picked at random: 


Maximum ee: SS eae Welkes tek 5.3 ounces 
Minimum weight............... 2.7 ounces 
Average weight. peska .. 4.0 ounces 


Average weight of. frst laid eggs .. 4.22 ounces 
Average weight of second-laid eggs 3.83 ounces 


Pygoscelis antarctica (Forster). Ringed Penguin 


A ptenodytes antarctica Forster, Comment. 
141, pl. 4, 1781 (South Shetlands). 
Specimens collected: 
6 o&, 5 9, Melchior Islands, Palmer Land, 
26 — March 15, 1941. 
1 9, Melchior Harbor (lat. 64° 42’ S., 
March, 1941. 


1 unsexed, no data. 


Gétting. 3: 


February 


63° 25’ W.), 


long. 


Of these 13 specimens, 3 were saved as 
skeletons, the rest as skins (and in most cases as 
trunk skeletons as well). All are fully adult 
birds in good plumage, and agree in their 
dimensional and plumage characters with the 
data presented by Murphy (1936, 1: 407). 

This penguin, unlike its congeners the Adélie 
and the Gentoo, is confined mainly to the 
American quadrant of Antarctica. None were 
encountered near the West Base in the Bay of 
Whales, nor were any observed as far south as 
the East Base in Palmer Land. When the 
members of the party on board the North Star 
were anchored at Melchior Harbor (lat. 64° 42’ 
S., long. 63°25’ W.), while waiting for an 
opportunity to evacuate the East Base, they 
found a Ringed Penguin rookery. The species 
is quite common in the South Shetland and 
South Orkney Islands, and previous expeditions 
have found it as far south as the 65th parallel. 
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Macronectes giganteus (Gmelin). Giant Fulmar 


Procellaria gigantea Gmelin, Syst. Nat. 1, pt. 2: 563, 1789 
(type locality restricted to Staten Island by Mathews, 
Birds of Australia 2: 186, 1912). 

Specimens collected: 

1 9, East Base, March 17, 1940, H. M. Bryant. 
1,1 9, East Base, March 11-13, 1941, C. R. Eklund. 


All three specimens have worn remiges and 
rectrices and are in a state of molt on the upper 
parts of the body. The old very worn feathers 
are brownish—dull sepia to buffy brown; the 
new feathers vary from slate-gray to dark slate 
color. The lower breast and abdomen also 
present a rather mottled appearance, with 
brownish and slate-colored feathers mixed to- 
gether. The heads and necks are whitish, much 
splotched with slate above and practically un- 
marked below, except on the upper breast where 
slate mottlings are present. The birds probably 
represent one of the many varying stages of the 
adult plumage. Murphy’s account (1936, 1: 
585-587) does not go into sufficient detail in the 
matter of plumages to give a clear picture into 
which the present specimens can be fitted with 
certainty. 

Eklund collected five specimens at East Base, 
two of which were abandoned when the camp 
was evacuated, two (listed above) were saved as 
skins, and one (a bird in the white phase of 
plumage) was brought back alive to the National 
Zoological Park in Washington. 


Daption capensis (Linnaeus). Cape Pigeon 


Procellaria capensis Linnaeus, Syst. Nat., ed. 10, 1: 132, 
1758 (Cape of Good Hope). 
Specimen collected: 


1 o&, Dallman Bay, near Melchior Islands, Palmer Land, 
February 24, 1941. 


The Cape Pigeon is represented in the present 
collection by a single specimen. 


Thalassoica antarctica (Gmelin). Antarctic Petrel 


Procellaria antarctica Gmelin, Syst. Nat. 1, pt. 2: 565, 
1789 (Antarctic Circle between 31°-61°). 
Specimens collected: 
3, 2 9, 6 eggs, Mount Paterson, Rockefeller Moun- 
tains, Edward VII Land, December 18, 1940. 


Of these five birds, one male was cleaned as a 
skeleton and the other four were saved as skins 
(and trunk skeletons). One of the females has 
a whitish chin and upper throat and may 
therefore be looked upon as not fully adult, but 
it has the nape dusky like the fully adult birds. 
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Falla (1937: 152) noted that subadults with 
white throats also have whitish napes. 

The eggs are somewhat rough, dull white, and 
measure from 68.5 to 73 by 47.4 to 51.5 mm. 


Pagodroma nivea (Forster). Snow Petrel 


Procellaria nivea Forster, Voy. Round World 1: 96, 98, 

1777 (lat. 52° S., long. 20° E.). 

Specimens collected: 

1,2 9, Neny Island, Palmer Land, October 15, 1940. 

1 o&, 6 9, 3 unsexed, Bay of Whales, November - 
December, 1940. 

2 o&, 2 9, Mount Helen Washington, Rockefeller 
Mountains, Edward VII Land, December 12, 1940. 
oc’, 2 2, Mount Paterson, Rockefeller Mountains, 
Edward VII Land, December 18, 1940. 

3", pack ice, lat. 70° S., long. 110° W., February 23, 
1940. 

eggs, Mount Washington, Rockefeller Mountains, 
Edward VII Land, December 16-18, 1940. 

egg, Alexander Island, Palmer Land (lat. 72° 02’ S., 
long. 68° 55’ W.), January 2, 1941. 


In view of the fact that a number of writers 
have discussed the possibility of dividing the 
white Snow Petrels of the Antarctic into races 
and even species on the basis of size, it may be 
worth while to list the dimensional data of the 
specimens in the present collection (only sexed 
birds measured). Two males from Mount 
Washington: wings, 255, 265; tail, 119.5, 122.8; 
exposed culmen, 20.5, 21.7; tarsus, 34.3, 34.4; 
middle toe without claw, 35.2, 35.6 mm. One 
male from Neny Island: wing, 261; tail, 120.8; 
exposed culmen, 20.3; tarsus, 34.2; middle toe 
without claw, 35.1 mm. One male from Bay of 
Whales: wing, 248; tail, 112.4; exposed culmen, 
18.8; tarsus, 32.0; middle toe without claw, 33.0 
mm. Two females from Mount Washington: 
wing, 248, 249; tail, 115, 118.5; exposed culmen, 
18.7, 20.1; tarsus, 32.7, 33.7; middle toe without 
claw, 32.9, 33.5 mm. Two females from Neny 
Island: wing, 259, 268; tail, 120.1; 121.5; exposed 
culmen, 20.6, 21.5; tarsus, 33.1, 34.6; middle 
toe without claw, 35.1; 36.1 mm. Six females 
from Bay of Whales: wing, 237, 245, 245, 248, 
257, 263; tail, 111.7, 112.1, 112.2, 116.2, 116.2, 
117.0; exposed culmen, 17.3, 17.8, 18.5, 18.5, 
18.6, 19.5; tarsus, 31.3, 32.0, 32.2, 33.0, 33.0, 
33.3, 33.8; middle toe without claw, 32.2, 32.4, 
33.6, 33.7, 33.9, 34.3 mm. 

It may be noted from these measurements 
that there is no constant size difference between 
birds from the various localities. Birds from 
Neny Island are rather large; the two females 
from there have the longest wings and tails and 














bills of any of the specimens of that sex; the 
male from there, while large, is not so large as 
one from Mount Washington. On the other 
hand, females from Mount Washington are not 
larger (or smaller) than others from the Bay of 
Whales. It seems, then, that the present series 
bears out what Lowe and Kinnear concluded 
(1930: 147)—namely, that it was not practicable 
to split the species into racial groups. This is 
further reflected in Perkins’ field notes. 

In addition to the specimens brought back, 
mention may be made, for the sake of the record, 
of two that were collected on Mount Marujupu, 
Raymond Fosdick Mountains, Marie Byrd Land, 
on December 2, 1940, but were not saved. 

Considerable variation is evident in this series 
with regard to the whiteness (or pale yellowness) 
of the birds, apparently without reference to sex. 
It so happens that the Mount Washington birds 
are the purest white and the Neny Island birds 
the yellowest, while the Bay of Whales series is 
intermediate. This character is, however, pos- 
sibly a reflection of taxidermal treatment (clean- 
ing, etc.) and is not to be trusted too greatly. 

Although all the specimens are adult, one, a 
female from Mount Washington, shows very 
faint, clouded barring on the upper back and the 
upper wing-coverts, and is possibly not quite so 
fully adult as the others. Unfortunately no 
young in the banded plumage were collected. 

The eggs are dull, unglossed white and are 
somewhat elongated in shape, measuring 52.3 to 
59 by 38 to 41 mm. The measurements, espe- 
cially the width of the egg, are a trifle larger 
than those given by Murphy (1936, 1: 634). 
His specimens came from the same general area 
as did 8 of the present 9 eggs—Edward VII Land. 
One egg comprises a set. 

According to Frazier, who presented a speci- 
men of the bird and an egg collected by himself 
to the Brigham Young University, as mentioned 
by Tanner (1941: 123-124), the only rookery he 
found was 


on Mt. Breckenridge 77° S., 155° W. The nests 
were found under loose lying rocks on the north 
exposed side of the mountain. The nests are on 
bare rocks, no feathers or protection from the 
ground. The nests are used year after year. This 
was determined by the excreta on the rocks which 
the birds eject from their mouths with unerring 
accuracy at an enemy for a distance of four feet. 
By January 10 the chicks should be hatched. The 
egg is protected by the bird, even at the cost of her 
life. Their enemy is the Skua Gull that nests close 
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by. The bird lives on sea life and flies great dis- 
tances for its food. The rookery I found had about 
100 nests. 


Oceanites oceanicus exasperatus Mathews. 
Antarctic Wilson’s Petrel 
Oceanites oceanicus exasperatur Mathews, Birds of Australia 
2: 11, pl. 68, 1912 (New Zealand seas). 


Specimens collected: 
1c, 1 (?), 1 9, Neny Fjord, Palmer Land, Ant- 
arctica, March 20-21, 1940. 


These three specimens agree in their large size 
with four breeding (January and February) birds 
from Deception Island, South Shetlands. They 
are slightly darker, especially on the under parts, 
than the Deception Island examples. Inasmuch 
as material of this subspecies is still rare in 
collections, I append the measurements of the 
series examined: 

Neny Fjord, Palmer Land, 2 co: wing, 155, 157; 
tail, 71, 74; culmen from frontal feathers, 12.5, 
13; tarsus, 34, 34.5; 1 9: wing, 146; tail, 70; 
culmen, 13; tarsus, 34.7. Deception Island, 
2 o&: wing, 146, 147; tail, 69, 69.5; culmen, 11.8, 
12; tarsus, 33.3, 34; 2 9: wing, 155, 157; tail, 
75, 77; culmen, 12.3, 12.3; tarsus, 34, 34.5 mm. 

It may be noted in passing that the sex 
differences in size are reversed in the two groups. 
This is, however, apparently quite fortuitous, 
since the extensive data presented by Roberts 
(1940: 147) indicate that there is no constant 
size difference between the sexes. 

This species, like the Antarctic Tern, is one of 
those birds that have a number of island races 
in the Subantarctic or the South Temperate 
seas, with one of these extending as a circumpolar 
form on the Antarctic Continent itself. 


Phalacrocorax atriceps bransfieldensis Murphy. 
Antarctic Blue-eyed Shag 


[Phalacrocorax atriceps| bransfieldensis Murphy (ex Bennett 
MS), Oceanic Birds of South America 2: 889, 1936 
(Wilhelmina Bay, latitude 64° 30’ S., longitude 62° W.). 


Specimens collected: 
1 o& adult, Horseshoe Island, Palmer Land (lat. 67° 50’ 
S., long. 67° 17’ W.), March 10, 1940, H. M. Bryant. 
2 &, 2 9, adults, Melchior Islands, Palmer Land, 
March 6, 1940, J. E. Perkins. 


The present series is rather puzzling in some 
respects. As is generally agreed in literature, 
the two species, P. atriceps and P. albiventer, 
are very similar but differ in only two respects: 
first, the blackish dorsal head coloration comes 
down ventrally to the middle, if not the lower 
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part, of the cheeks in albiventer, while in atriceps 
it comes down so far only immediately behind 
the eye and otherwise not lower than the top of 
the cheeks; and second, in atriceps, after the 
breeding season is over, there is a large patch of 
white feathers on the upper back, while this 
patch is never present in albiventer. Four of the 
present specimens have this white dorsal patch, 
Of the four, one has the dark 
head color extending postero-ventrally to include 
the auriculars and certainly would ‘‘key out” to 
albiventer on that basis. Furthermore, on geo- 
graphical grounds these specimens would belong 
to what Murphy (1936, 2: 888) calls the “Ant- 
arctic Blue-eyed Shag, Phalacrocorax atriceps 
subspecies,” but in this form it is definitely 
that ‘“‘the line of demarcation between 
dark and white plumage on the side of the head 
the condition found in the South 
American, rather than the South Georgian, 
birds.”” The latter form (P. a. georgianus) has 
the demarcation between dark and white plum- 
age on the side of the head lower, crossing the 
ear opening. To put it in other words, the 
four specimens with white dorsal patches should 
be all one form; yet they combine characters of 
both atriceps and albiventer. The bird from 
Horseshoe Island has no white dorsal patch, 
but has the demarcation line between the dark 
dorsal and white ventral coloration on the sides 
of the head as in atriceps. 

Murphy (loc. cit.) suggests that the Antarctic 
atriceps may be separable on the basis of their 
tails being longer than in either the nominate 
race or georgianus, and their bills being longer 
than in the latter form. Furthermore, they are 
said to have the caruncles at the base of the 
maxilla larger than in true atriceps. Falla (1937: 
226), while describing a new race nivalis from 
Heard Island, largely on the basis of the greater 
extent of its white dorsal and alar markings, 
writes that ‘‘the extent and permanence of the 
white areas on the plumage of the subantarctic 
cormorants is a factor that must be used with 
caution, for they are liable to variation, and the 
dorsal patch at least is often post-nuptial.” 

The present five specimens (and another male 
and female from Graham Land) bear out 
Murphy's statement regarding the tail and bill 
measurements. ‘The tails in males measure 145, 
151 mm.; in the females, 134.2, 137, 142.5, 150.5 
mm. The bills measure 57, 58.3, 59 in the males; 
51, 53.5, 56, and 59.4 mm. in the females. 
Contrasted with these figures, two males from 


and one does not. 


stated 


resembles 
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Corral, Chile, have tails measuring 120.4 and 
137.5 mm., and bills 58 and 60.5 mm. Murphy’s 
figures for typical atriceps males are as follows: 
tail, 112-132; culmen, 55-60; for females: tail, 
117-131; culmen, 59-64 mm. Gain (1914: 74- 
76) gives surprisingly long tail measurements for 
birds from the Antarctic: 6 males, 179-208 (191), 
7 females, 168-208 (185 mm.). The discrepancy 
between Gain’s figures and those presented by 
Murphy and those recorded for the present series 
is to be accounted for at least partly by wear. 
Gain’s birds must have been in very fresh 
plumage; all of the present specimens are 
extremely abraded, and some of them are in 
molt on the body and wings. On the whole, 
it seems that the Antarctic birds are separable 
on the basis of the tail length, and they are here 
considered as bransfieldensis. Incidentally, it 
may be pointed out that this name, quoted by 
Murphy as an unpublished manuscript name of 
A. G. Bennett’s, is definitely connected with a 
description and a locality in Murphy’s discussion 
and is therefore valid from that point in litera- 
ture. Two of what must be considered cotypes 
(having Bennett’s writing bransfieldensis in pencil 
on the labels) have been available for study in 
the present connection. 

The white alar band is well developed in only 
one of the present five specimens; it is indicated 
in three, and is absent in the other one. The 
birds exhibit the great bleaching powers of the 
bright Antarctic light, the old feathers being 
faded out to buffy brown, the new ones dark 
blue-black, while some of the old rectrices have 
become almost whitish. 

As far as I have been able to ascertain from 
literature, the present specimens are the south- 
ernmost ever recorded. Murphy writes that the 
range of the Antarctic Blue-eyed Shag extends 
to 65° S. “or beyond.” For this we may now 
substitute, ‘‘at least to 67° 50’ S.”’ 

At East Base no shags were seen, the only one 
obtained by Bryant coming from Horseshoe 
Island, 20 miles north of the base. Very few 
were seen there, but farther to the north, at 
Melchior Harbor and the Melchior Islands, in 
latitude 64° 42’ S., longitude 63° 25’ W., many 
of the birds were observed by the men on the 
North Star and four were collected by Perkins. 
The condition of the specimens certainly indi- 
cates that the birds were just through nesting, 
the plumage being very abraded and beginning 
to molt. 
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Catharacta skua maccormicki (Saunders). 
South Polar Skua 


Stercorarius maccormicki Saunders, Bull. Brit. Orn. Club 
3: 12, 1893 (Possession Island, Victoria Land, lat. 
71° 14’ S., long. 171° 15’ W.). 

Specimens collected: 

10 &@, 9 9, Bay of Whales, West Base, January 16, 
1940, and early January, 1941. 

1 unsexed, Mount Grace McKinley (lat. 77° 55’ S., 
long. 148° 20’ W.), early January, 1941. 

1 unsexed fledgling, Red Rock Ridge (lat. 68° 17’ S., 
long. 67° 12’ W.), January 29, 1941. 

4 3,5 9, 2 unsexed, East Base (including Neny Island) 
(68° 11’ S., 67°02’ W., to 68° 12’ S., 67°04’ W.), 
February 28 — March 9, 1941. 


The fledgling collected on January 29 is just 
beginning to acquire juvenal wing and _ tail 
feathers, aside from which it is still in the natal 
down. One of the males from East Base 
(February 28) is in fresh juvenal plumage— 
many of the feathers of the thighs, flanks, and 
under tail-coverts still having the natal down 
hanging from their ends. The juvenal plumage 
is very dark, the entire head and body deep 
mouse gray with a deep Quaker drab tinge, the 
wings and tail darker, the feathers dark mouse 
gray to blackish mouse gray edged with deep 
mouse gray. Murphy (1936, 2: 1018-1019) 


suggests by inference that adults in fresh plumage 
are relatively dark, but that the feathers become 


rapidly bleached by the actinic rays of the sun 
passing through a practically dustless atmosphere. 

. By January, the prevailing coloration of many 
of the birds is what Gain expressively calls ‘‘chamois 
trés clair,’’ or even whitish. Moult and replacement 
of feathers in this form immediately succeed breeding 
activities, and with this change the birds again 
take on a somewhat darker aspect. 


The present series shows great variation, from 
birds in very worn plumage, in which the head, 
nape, interscapulars, and the under parts are 
almost whitish, to others almost as dark as the 
juvenal described above, but with the abdominal 
feathers tipped with pale buffy white, and with 
the feathers of the throat, nape, and inter- 
scapulars with buffy white shaft streaks, and 
with the whole plumage slightly tinged with 
brownish. However, both extremes were col- 
lected at the same place (and both in January 
and in March) and are to be found in the same 
sex. This, together with the great variety of 
intermediate specimens, suggests that age has 
something to do with the picture. From the 
present long series of adults, it seems that the 
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older birds are the lighter ones. On the whole, 
it seems that year-old birds have dark heads, 
and older ones paler heads—the degree of 
paleness increasing with age. There may well 
be a fading effect as well, but within the limits 
of each age plumage. It is known that in the 
natal down the color of the neossoptiles is at 
first bluish gray but changes to buffy brownish, 
supposedly as a result of absorption of oil from 
the subcutaneous tissues. 

On a few specimens the following color notes 
were made by Eklund: iris brown; bill black; 
feet black, with the front of the tarsus bluish. 

The measurements of eight males in the 
present series are as follows: wing, 361.5—383.5 
(373.6); tail, 145.5-159 (151.9); culmen from 
base, 55.9—62 (59.6); tarsus, 58-63.6 (62); middle 
toe without claw, 52.2—56.2 (54.2); of 10 females: 
wing, 364-393 (380.1); tail, 140—-154.5 (150.1); 
culmen from base, 57.8-62.1 (60.4); tarsus, 
59.4-64.7 (62.6); middle toe without claw, 
55.3-59.9 (56.8) mm. 

Five sets of eggs were collected, only two of 
which were actually brought back. On Decem- 
ber 18, 1940, on Mount Paterson, Rockefeller 
Mountains, Roy G. Fitzsimmons collected two 
single fresh eggs. In each case the nest site was 
a gravel area approximately 5 feet in diameter on 
top of a granite ridge. Bryant collected a set of 
two eggs from a rounded depression in decom- 
posed gravel on top of a granite block on a 
small island (lat. 68° 07’ S., long. 67° 08’ W.) on 
December 19, 1940. The incubation stage was 
estimated as about at the end of the third week. 
Five days later Bryant obtained two other sets 
of two eggs each at Cape Calmette, also too long 
incubated to be blown successfully. The two 
eggs from Mount Paterson measure 68.5 by 49.9 
and 70 by 50.3 mm., respectively. The smaller 
one is more brownish, the larger one somewhat 
more greenish, and both have only dull, rather 
clouded blotches of brown on them. 

Some of Eklund’s notes from the East Base 
follow: 


At the Red Rock Ridge penguin rookery a young 
skua was collected, and during this time the parents 
were very active in defense of their offspring. 
Usually a parent would start from a height of about 
30 yards and make a beautiful “dive bomb” at the 
intruder. It would come out of its dive about 
three feet from the head, but often the ‘‘fan”’ from 
the wing beat could be felt on the face. Some egg 
collections were made, but unfortunately these had 
to be left at the base. 
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Both the dark and the light color phases were 
found at the East Base. It was noticed that most 
of the light birds were seen in the latter part of the 
summer. This may have been the result of the 
actinic rays of a 24-hour sun having a bleaching 
effect on the plumage. Dark birds were also seen 
along with the light ones during the latter part of 
the season. These could have been first-year birds. 
A young bird was collected on the first few days of 
its taking flight, and its plumage was very dark 
(field number 36). 


Larus dominicanus Lichtenstein. Kelp Gull 


Larus dominicanus Lichtenstein, Verz. Doubl.: 82, 1823 
(coasts of Brazil). 
Specimens collected: 
lim. 9, Millerand Island (lat. 68° 11’ S., long. 67° 20’ 
W.), February 23, 1941, C. R. Eklund. 
1 im. unsexed, Melchior Islands, February 26 — March 
5, 1940, J. E. Perkins. 
6 o, 3 9, ads. and ims., East Base, February 28 


’ 


March 12, 1941, C. R. Eklund. 


Bennett (1926: 319) suggested that birds from 
the South Shetlands southward might prove to 
be separable on the basis of paler dorsal colora- 
tion. Fleming (1924: 139) had named them as 
a subspecies, L. d. austrinus. If that form were 


valid, the present specimens would have to be 
referred to it, but I cannot see that its characters 
are either sufficiently pronounced or constant, 


and I agree with Falla, Murphy, and other 
recent reviewers of this gull in using a binomial 
for it. 

Of the 11 specimens collected, 8 are year-old 
birds and 3 are adult. It is rather odd that no 
2- or 3-year old birds were taken; but in the 
absence of observational data, no explanation 
can be even guessed at. 

A number of eggs were collected but unfortu- 
nately were not brought back from the Antarctic. 

The following notes were made as to the color 
of the soft parts in an adult male: iris mottled 
grayish brown; maxilla yellowish green with the 
culmen white; mandible orange distally, dark 
gray proximally and below; feet olive-green. 

A part of Eklund’s report from the East Base 
follows: 


Twenty-six specimens were collected and ten skins 
of this number were taken out (field numbers 27, 35, 
65, 66, 67, 70, 72, 73, 74, and 75). Two juvenile 
birds were also brought out alive and are now in 
the National Zoological Park. 

On one occasion I came within 25 yards of 45-50 
gulls and skuas feeding on seal entrails. All the 
birds flushed, flew several hundred yards away, and 
alighted on the ice to wait out my departure. I sat 
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in the snow with my back against a rock, remained 
motionless but in plain sight, and within 20 minutes 
most of the birds were back feeding again. When 
one was shot, they all flushed, but circled back over 
the dead bird so that I was able to shoot five more. 


Sterna paradisaea Pontoppidan. Arctic Tern 


Sterna Paradisaea Pontoppidan, Danske Atlas 1: 622, 1763 
(no type locality = Christiansoé, Denmark, ex Briinnich, 
Orn. Boreal.: 46, 1764). 

Specimen collected: 

1 2, collected on the pack ice, lat. 70° 30’ S., long. 106° 
W., February 25, 1940, by H. M. Bryant. 


The single specimen of the Arctic Tern 
obtained by the expedition represents apparently 
the southernmost definite record for the species 
and constitutes a totally new Antarctic position 
for it as well. Murphy (1938: 4) writes that he 
has examined nine specimens collected between 
latitudes 56° and 68° 32’ S. Earlier statements 
of other writers, giving records of the Arctic 
Tern south to 74° S., are not substantiated by 
specimens and were made in ignorance of the 
occurrence of the Antarctic Tern, with which 
the present form has so often been confused. 

The present example is in molt, the outermost 
primary being only partly grown, and it has the 
forehead and anterior part of the crown still 
largely white; the bill and feet are very dark, 
almost blackish, with the red very restricted 
basally on the bill. The collector notes that 
although badly damaged by shot, the ovary 
appeared to be in a fairly well-developed condi- 
tion. The specimen matches very closely ex- 
amples in comparable plumage from Funk 
Island and from Alaska. 

Falla (1937: 251-254) records a series of ten 
molting specimens from the southern Indian 
Ocean section of Antarctica, all taken from 
January 17 to February 6, and claims that 
thousands of these terns were seen wintering 
between Balleny Islands and Enderby Land, 
thus disagreeing with Murphy’s expression of 
doubt as to the extent (both in number and in 
latitude) of the presence of the Arctic Tern in 
the Antarctic during the northern winter. 
Falla’s birds were all collected between 64° 28’ S. 
and 64° 55’ S. In the Weddell Sea this tern has 
been taken (by the Scottish National Antarctic 
Expedition) as far south as 68°32’ S. late in 
March. 


Sterna vittata gaini Murphy. Gain’s Antarctic Tern 


Sterna vittata gaini Murphy, Am. Mus. Novitates 977: 13, 
1938 (Deception Island, South Shetlands). 
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Specimens collected: 
ad. o', 5 ad. 9, 1 ad. unsexed, 1 young unsexed, 
Neny Fjord, Palmer Land, March 14-21, 1940. 
ad. o', Debenham Island, Palmer Land (lat. 68° 07’ S., 
long. 67° 02’ W.), February 17, 1941. 
ad. co’, 1 ad. 9, East Base (lat. 68°12’ S., long. 
67° 10’ W.), February 17-28, 1941. 
ad. o, 2ad. 2, near West Base, Bay of Whales, 1941. 


The three birds from West Base are in winter 
plumage; the others, except for the young bird, 
are in summer plumage, which could indicate 
that the former group was collected at a different 
time of thé year. Unfortunately, no dates were 
marked on these three birds, and in his notes on 
the work done at West Base Perkins makes no 
mention of any specimens being collected. 

In the absence of comparative material, I 
submitted the present series to Dr. R. C. 
Murphy for expert identification, and he pro- 
nounces them all to be gaini, with topotypes of 
which race they agree closely. The wings of the 
adults measure from 269 to 281 mm., with an 
average (including both sexes) of 275 mm. The 
wing length in four males of gaini from Deception 
Island is 277—284, with an average of 281.5 mm. 
Dr. Murphy further informs me that the birds 
from West Base constitute the first practical 
assurance that a single race of Antarctic Tern 
occupies the shores all around the South Polar 
continent; the other races are more insular in 
their distribution. 

The young bird from Neny Fjord agrees, 
according to Murphy, in all features except size, 
with examples of the same stage of growth from 
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South Georgia (Sterna vittata georgiae) and shows 
that even in the young of gaint the greater size 
of this race is noticeable. 

The iris of the Debenham Islands specimen 
was recorded as light blue. 
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PELAGIC BIRDS FROM THE WEST COAST OF SOUTH AMERICA 


HERBERT FRIEDMANN 


United States National Museum 


WHILE at sea off the west coast of South America 
en route to and from the Antarctic, members of 
the United States Antarctic Service Expedition 
obtained a number of oceanic birds. These 
specimens have yielded data of considerable in- 
terest, as may be noted below. It is felt that 
these crumbs of information (and much of our 
knowledge of marine birds is built up out of 
crumbs) would be buried in the report on the 
birds obtained in the Antarctic, and they are 
therefore presented separately.' 


Oceanites gracilis gracilis (Elliot). 
Elliot’s Storm Petrel 
Ibis I: 391, 1859 (West 


Thalassidroma gracilis Elliot, 
Coast of [South] America). 


Specimen collected: 
1 9, at sea, lat. 4° 
C, R. Eklund. 


39’ S., long. 81° 19’ W., no date, 


With a wing length of only 122 mm., this 
specimen obviously belongs to the smaller typical 
race of this species and not to the large Gala- 
pagos form. It is in very worn plumage. 


Pelagodroma marina subsp. White-faced Storm Petrel 


Specimens collected: 
1 imm. 92, 1 imm. unsexed, off the coast of Chile, 
April 6, 1940, M. J. Lobell. 


Murphy (1936, 2: 770) has discussed the dif- 
ficulties attendant upon the allocation of Gala- 
pagos birds. To the two Galapagos records and 
the one from the Ecuadorean coast (Santa 
Elena) may now be added these two from some- 
what farther south. Comparison with the in- 
adequate material available suggests the possi- 
bility of the present specimens being of the 
Australian race dulciae rather than the Tristan 
da Cunha form, marina, as Murphy hints for 
the Ecuadorean and Galapagos birds. 

‘A very few land birds were also obtained when the 
boat called at Punta Arenas, Chile, but these are con- 
sidered too few and too unimportant to warrant a report 
upon them. 
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The unsexed example has the forehead much 
more narrowly white than does the female. 
Both are in very worn plumage. 


Oceanodroma tethys kelsalli (Lowe). Kelsall’s Petrel 


Thalassidroma tethys kelsalli Lowe, Bull. Brit. Orn. Club 
46: 6, 1925 (Ancon, Peru). 
Specimen collected: 
1 o, at sea, lat. 4° 38’ S., long. 81° 19’ W., no date, 
C. R. Eklund. 


The single specimen obtained agrees in its 
measurements with the characters of kelsalli. 
It has a wing length of 123 mm., which com- 
pares closely with half a dozen other specimens 
available for study. The bird is in fairly fresh 
plumage. 


Oceanodroma monorhis socorroensis C. H. Townsend. 
Socorro Petrel 


Oceanodroma socorroensis C. H. Townsend, Proc. U.S. Nat. 
Mus. 13: 134, 1890 (Socorro Island, Lower California). 

Specimen collected: 
1 o, at sea, 160 miles off the west coast of Colombia, 
lat. 4° 40’ N., long. 80° 08’ W., no date, C. R. Eklund. 


Although Peters (1931, 1: 74) states that the 
Socorro Petrel ranges from California south to 
the Galapagos, Swarth does not include it in 
his extensive account of the birds of that archi- 
pelago, and Murphy (1936, 2) fails to list it from 
anywhere on the northwest coast of South 
America. The only basis I can find for Peters’ 
inclusion of the Galapagos Islands in the range 
is an apparently unsupported statement of 
Alexander’s (1928: 80). The present specimen 
is, as far as I am aware, the first definite record 
for South American waters. It hit against the 
ship’s radio shack at night and fell down stunned 
on the deck. 


Oceanodroma hornbyi (G. R. Gray). Hornby’s Petrel 


Thalassidroma hornbyi G. R. Gray, Proc. Zool. Soc. 
London 1853: 62, 1854 (northwest coast of America). 


Specimens collected: 
1 9, 1 unsexed, off coast of Ecuador, April 20, 1941, 
J. E. Perkins. 
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1 9, off coast of northern Peru, lat. 4°16’ S., long. 
81° 18’ W., no date, C. R. Eklund. 


All three specimens are in worn plumage. 
The bird obtained by Eklund flew into the 
ship’s radio shack at night. Many others were 


seen following the ship the next day. 


ALEXANDER, W. B. Birds of the ocean. 
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ABSTRACT 


The program of the cosmic-ray observations is outlined 
and the results are summarized. The cosmic-ray inten- 
sities observed on the voyage of the U.S. M.S. North Star 
are examined, and it is found that if an external temperature 
coefficient of —0.15 per cent per degree C. is applied to the 
data, no increase in cosmic-ray intensity south of 45° 
geomagnetic latitude is observed. The record of cosmic- 
ray intensity over the Antarctic winter showed a correla- 
tion with upper air temperature somewhat more pro- 
nounced than with that at sea-level. Only one of the 
magnetic storms was found to be followed by a noticeable 
decrease in the cosmic-ray intensity. The size-distribu- 
tion of bursts was found to fit the usual exponential rela- 
tion with an exponent of —2.65. The correlation coeffi- 
cients between the cosmic-ray intensity, the pressure 
coefficient, and the temperatures at various levels in the 
atmosphere are computed, and the significance of each is 
discussed. The cosmic-ray intensity is found to be a 
function of upper atmosphere temperatures as well as of 
that at sea-level. 


INTRODUCTION 


A PROGRAM of cosmic-ray observation was 
included in the scientific agenda of the United 
States Antarctic Service Expedition. Such a 
study was considered worth while, not only for the 
acquisition of knowledge for its own sake but also 
because of several contributions which informa- 
tion of this type might make. In particular, cos- 
mic rays provide useful information in the field of 
terrestrial magnetism, since they furnish us with 
our only means for studying the shape of the 
earth’s magnetic field at any point distant from 
the earth’s surface, and for helping us to under- 
stand the changes in that field produced by 
magnetic storms and other disturbances. Cos- 
mic rays also yield information of value to 
meteorology, since the cosmic-ray intensity at 
sea-level depends not only on the mass of ab- 


PROCEEDINGS OF 


THE 





REPORT ON COSMIC-RAY OBSERVATIONS MADE ON THE UNITED STATES 
ANTARCTIC SERVICE EXPEDITION, 1939-1941 


S. A. KORFF 


Bartol Research Foundation of the Franklin Institute, Carnegie Institution of Washington, 
and New York University 


Captain DANA K. BAILEY, U. S. Army 
U.S. Antarctic Service and Bartol Research Foundation 


and 


ERIC T. CLARKE 


U.S. Antarctic Service and Bartol Research Foundation 


Read November 21, 1941, in the Symposium.) 


AMERICAN PHILOSOPHICAL SOCIETY, VOL. 


316 












sorbing matter above the instrument (the well- 
known pressure effect) but also on the distribu- 
tion of that matter. This radiation may well 
prove a useful means for ascertaining the mass 
distribution in the upper air. Further, cosmic 
rays also provide us with our only means of 
studying reactions at high energies. They are 
the only known source of radiation with energies 
in excess of that obtainable from cyclotrons or 
other similar generators. 

In accordance with a plan of this work, Mr. 
Eric T. Clarke accompanied the expedition 
which sailed on November 21, 1939, from Phila- 
delphia. His mission was (a) to make certain 
observations on shipboard and (6) to install two 
of the Millikan-Neher meters at West Base, Bay 
of Whales, Antarctica, for operation over the 
Antarctic winter. Inasmuch as the meters were 
fully automatic, it was not necessary for Mr. 
Clarke to winter on the ice. During the winter 
the meters were serviced by various persons under 
the general direction of the senior scientist, F. 
Alton Wade. To all of these persons should go 
our acknowledgment and thanks for the results 
which their co-operation has made possible. Mr. 
Clarke operated a cosmic-ray counter on board 
the North Star, and returned to Boston in the 
spring of 1940. The full report of his observa- 
tions has already been published.! 

The possible observations which can be made 
on an expedition are limited by the lack of 
adequate laboratory facilities, and hence the 
1 Clarke, E. T., and S. A. Korff. Phys. Rev. 58: 180, 
1940. 

Korff, S. A., and E. T. Clarke. 
230: 567, 1940. 
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Map 1. Map (a section of Hydrographic Map, No. 1701), showing route of U. S. M.S. North Star, and lines of equal 
horizontal magnetic intensity. 
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experiments involved chiefly observations with 
simple and semi-automatic apparatus. With 
the expeditionary limitations in mind, a program 
was drawn up which consisted of three parts: 
(a) long-term observations with meters installed 
at West Base over the Antarctic winter, to study 
long-period fluctuations in the cosmic-ray in- 
tensity and their correlation with meteorology 
and terrestrial magnetism; (6) observations 
made incidentally, including studies of altitude 
variation in airplane flights, bursts observed 
during the long-period program, and notes on 
meteorology; and (¢c) experiments which could 
be conducted on board ship, both going and 
returning, on the two round trips made by the 
U.S. M.S. North Star. The latter program in- 
cluded both Geiger counter observations pre- 
viously cited,' and electroscope and neutron 
observations reported below, the electroscope ob- 
servations permitting an external temperature 
coefficient to be calculated. 

Mr. Dana K. Bailey sailed from Seattle on 
December 10, 1940, on board the U. S. M. S. 
North Star to accompany the expedition for the 
purpose of (a2) making cosmic-ray observations on 
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shipboard on the trip down and back, and (0) 
superintending the evacuation of the cosmic-ray 
equipment from the permanent station at West 
Base. Upon his return he remained at the 
Bartol Research Foundation in Swarthmore, Pa., 
during the summer of 1941, and had charge of 
the reduction of the observations. In this work 
he was assisted by Mr. Ernest K. Smith, of 
Swarthmore. 


OBSERVATIONS ON SHIPBOARD 


One Millikan-Neher meter was operated on 
board the U.S. M.S. North Star during its return 
voyage from Antarctica. The ship left West 
Base on February 4, 1941, and proceeded (see 
map 1) through the pack ice near Scott Island. 
Then it sailed almost due east along the 66th 
parallel of south geographical latitude to Palmer 
Land, where the ship remained in Melchior 
Harbor at about 53° south geomagnetic latitude 
for 18 days. The ship then proceeded via the 
Strait of Le Maire to Punta Arenas, Chile. 
Continuing through the Strait of Magellan, it 
went north via Valparaiso and the Panama 


Cosmic-Roy Intensity 
U.S.S. North Star 
Feb. 4-May6,/94/ 


o /0°N 30° 


GEOMAGNETIC LAT/TUDE 


Latitude effect in the cosmic-ray intensity. 


The daily means observed on board the U.S. M. S. North Star, 


uncorrected for external temperature, show an increase south of the ‘‘knee’’ at 42°. 
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Fic. 2. Effect of applying an external temperature coefficient to the data in figure 1 
of —0.15 per cent per degree C. 


Canal, arriving at Boston on May 5. The daily The apparent rise in the cosmic-ray intensity 
means of cosmic-ray intensities were noted, and to the south of the Strait of Magellan may be 
were corrected for variations in atmospheric ascribed to the external temperature effect. 
pressure by applying a pressure coefficient of If these data are corrected by applying an ex- 
—0.3 per cent per mm. Hg, which was calculated _ ternal temperature coefficient of —0.15 per cent 


by the method of least squares from the data 
obtained during the stay in Melchior Harbor. 
This group of data was chosen, since it repre- 
sented the only period when the instrument 
remained at one position for any length of time. 
The resulting curve is shown in figure 1. The 
usual dip due to the magnetic latitude effect 
will be noted. South of about 40° geomagnetic 
latitude the intensity continues to rise slowly 
toward the pole. This figure is in essential 
agreement with the data obtained on the former 
voyage of the North Star,! as well as with findings 
of other observers,2 who have also operated 
cosmic-ray meters along that portion of this 
same route which lies north of the Strait of 


per degree centigrade, then the observations 
south of this point indicate no change in the 
cosmic-ray intensity. This correction has been 
made in figure 2, and it will be seen that the 
above external temperature coefficient is sufficient 
to explain the behavior of the cosmic-ray intensity 
observed on board the ship. This coefficient is 
the same as that observed on the previous voy- 
age.' It will be remembered that large varia- 
tions in the temperature coefficient have been 
reported by other observers. The heavier 
points in the diagram represent the means of the 
cosmic-ray intensity during the time that the 
ship was in the indicated port. The lighter 
: points are the daily means and are plotted on a 
Magellan, and other observations at correspond- Oiiiaihy inmeeans diately siete Wet: eee Mioiiades 
ing geomagnetic latitudes in the north.’ Se ge ee 
ciieas tions may be readily seen. 
2 Millikan, R. A., and H. V. Neher. Phys. Rev. 50: 15, e 


1936. 4 Gast, P. F., and D. H. Loughridge. Phys. Rev. 58: 194, 
Compton, A. H., and R. N. Turner. Phys. Rev. 52: 1940; 59: 127, 1941. 


799, 1937. Hess, V.F. Phys. Rev. 57: 781, 1940. 
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It will be recalled that the temperature coeffi- 
cient is supposed to originate from a change in 
height of the mesotron producing layer, and 
that the external temperature is some index of 
this height. The fact that it is possible to 
describe the behavior of cosmic rays above the 
ocean in this manner, suggests that the air mass 
conditions in this region are reasonably uniform. 


LONG-PERIOD OBSERVATIONS AT WEST BASE 


The two Millikan-Neher meters brought to 
West Base in February, 1940, by E. T. Clarke 
were set up as soon as the science shack was 
completed. The record started on April 27, 
1940, and continued on both meters until Sep- 
tember 15, at which time meter 1 developed 
trouble with its film drive, and was shut down. 
Meter 2 was continued in operation § until 
November 16, when it was shut down owing to 
breakage of the charging switch ratchet. The 
films were brought back to the United States for 
development, and were subsequently measured 
by E. K. Smith under the supervision of D. K. 
Bailey. In accordance with the standard pro- 
cedure outlined by Millikan and Neher,’ the daily 
means of cosmic-ray intensity were computed. 
Bursts were not included in this total, and are 
separately discussed below. 


The correlation with atmospheric pressure was 


The record was divided into 
2-week periods, and a least-squares solution was 
made for the barometer coefficient 


next examined. 
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period. The cosmic-ray intensity was then 
corrected for pressure fluctuations, an average 
pressure coefficient for the entire period being 
used. The corrected daily means of cosmic-ray 
intensity are plotted in figure 3, for each meter. 

The pressure coefficients found by this method 
are listed in table 1. The least-squares pro- 
cedure also permits the evaluation of the prob- 
able error of the coefficient, and these are also 
shown. It should be noted that these probable 
errors appear to be quite large, owing to the 
fact that fluctuations due to other causes are 
present in the cosmic-ray intensity, and that 


TABLE 1 


PRESSURE COEFFICIENTS OBSERVED AT WEST BASE 


Meter 1 
per cent per mm. Hg 


Meter 2 
per cent per mm. Hg 


Period 
Apr. 27—May 16 
May 17-31 
June 1-15 
June 16-30 
July 1-15 
July 16-30 
Aug. 1-15 
Aug. 16-30 
Sept. 1-15 
Sept. 16-30 
Oct. 1-15 
Oct. 16-31 
Nov. 1-16 
Mean Coefficient 
for entire period 


—0.128+0.033 
—0.264 .048 
053 .024 
—0.248 .019 
—0.246 .029 
—0.292 .029 
—0.192 .035 
—0.198  .022 
—0.272 .031 
—0.163 .042 
—0.198 .024 
—0.302 .031 
—0.163 .040 


—0.312+0.047 
—0.264 .064 
—0.286 .042 
—0.222 .050 
—0.352 .026 | 
—0.174 .022 
—0.212 .047 
—0.358  .079 
—0.212 .042 


| 
| 
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Daily means in the cosmic-ray intensity at West Base as observed on both meters. 
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therefore the connection of the intensity with 
pressure is somewhat better than the probable 
errors suggest. 

The days on which magnetic storms or dis- 
turbances occurred are also indicated on figure 3. 
For these dates we are indebted to Mr. Roy G. 
Fitzsimmons. The correlations, which have 
been discussed in detail by Forbush,® are found 
by inspection for the storm of June 25 only. 

The pressure-corrected cosmic-ray intensity 
was next examined for possible correlations with 
other meteorological variables. Table 2 shows 


TABLE 2 


MoNTHLY MEANS oF Cosmic-RAyY INTENSITY CALCU- 
LATED (A) WITH INDIVIDUAL AND (B) WITH 
AVERAGE PRESSURE COEFFICIENTS 


Monthly means of temperature at various levels in de- 
grees centigrade below zero. 


Mean Cosmic-Ray Intensity Average Temperature 


Period Meter 1 Meter 2 
Sea-Level 


, | 3000 m./10,000 m 
a is A | B | 


| 
2} 1. 709) 1 887| | 1.882) —35.8° F. 
0} 1.811) 1.904) 1.885) —36.4 

| 1,826) 1.859] 1.894 —34.4 
Aug. | 1.802| 1.811) 1.912) 1.909|—35.1 
Sept. | 7} 1.833] 1.891) 1.901) —45.2 
Oct. | 1. a 1.850| — 27.5 





— 62.4 
— 68.2 
—73.0 
— 75.0 
— 32.0 | —72.6 
— 27.6 | —68.6 
—25.2 | — 50.2 


May 
June 


| 1.7¢ 
1.82 
July | 1.8. 
| 1.8 
| 1.6 


)2 — 33.5 | 
? — 32.6 | 
35 |\—32.4 

0 | — 32.2 

2 


Mav. 1.814) 1. 798) —12. 5 





A = Computed using individual pressure coefficient 
from table 1. 


= Computed using mean pressure coefficient from 
table 1. 


the mean monthly cosmic-ray intensity as well 
as the temperatures at various elevations ob- 
tained by Court® with the aid of radiosonde 
observations. The correlation coefficients are 
shown in table 3a. The usual negative de- 
pendence of the cosmic-ray intensity on tempera- 
ture, which is customarily ascribed to a change 
in height of the mesotron-producing layer, is 
noted. An attempt was made to seek a correla- 
tion between the pressure coefficient and the 
external temperature (see table 3b), but this 
was found not to be large enough to establish a 
probable connection. A definite correlation was, 
however, found between the cosmic-ray intensity 
and the pressure at various levels, as shown in 


5 Feitesh: S. E. Revs. Mod. Phys. 11 
Terr. Mag. and Atm. Elec. 43: 203, 1938. 
® Court, A. Science 94: 547, 1941. 


: 170, 1939; Jour. 


TABLE 3 
CORRELATION COEFFICIENTS BETWEEN PRESSURE, TEM- 
PERATURE, PRESSURE-CORRECTED COSMIC-RAY INTEN- 


SITY (FROM TABLE 2, METER 2, CoLUMN 8B), AND 
PRESSURE COEFFICIENT 


(a) Correlation between cosmic-ray intensity and external 
temperature at various levels 


7 | 
3000 m. 6000 m. 13,000 m. 


Sea-level | 10,000 m. 


| —0.893 
0.083 


-0. ou 
—0.069 


0.881 = —0.960 | —0.861 | 

0.092 | 0.032 | 0.106 | 
(b) Correlation between pressure coefficient 
and external temperature 


3000 m. 6000 m. | 10,000 m. 13,000 m. 
| 


| Sea-level | 





+0.241 | +0.928 | +0.293 | +0.510 | +0.409 
0.386 | 0.057} 0.374 | 0.303} 0.341 


(c) Correlation between corrected cosmic-ray 
intensity and pressure 
5 
6000 m. | 10,000 m. 


~0.916 | 
0.065 | 


| 
Sea-level 3000 m. | 13,000 m. 


0.422 | —0.889 | _0.947 | 
0.336 | 0.085 | 0.042 


‘ly 0.804 
0.028 


table 3c. The coefficient is large except at 
sea-level, where, of course, it has been already 
taken out of the data by the pressure correction. 


The several correlations will be further discussed 


in a subsequent paper. 
BURSTS 


A total of 1,121 bursts were recorded by the 
two Millikan-Neher meters during their opera- 
tion at West Base. These were classified accord- 
ing to size and are presented in figure 4 and 
table 4. 

It will be recalled’? that the number of bursts 
R, as a function of their energy N (defined as the 
number of ion-pairs produced in the burst), may 
be expressed by 


R=AN- (1) 


where A is a constant, and s is a number which 
is adjusted to give the best fit to the observa- 
tional data. In this figure, s is found to be 
2.65 + 0.2, a value in reasonable agreement with 
that previously reported by ourselves and other 


7™Montgomery, C. G. and D. D. Phys. Rev. 48: 969, 
1935. 





S. A. KORFF, DANA K, BAILEY, AND ERIC T. CLARKE 


BURST, WEST BASE 


Tofe/, both meters 


1.8 aF- #3 (8 37 
S/ZE OF BURS 


fons x /0* 


Fic. 4. Total bursts observed in the cosmic-ray 
intensity on both meters during the 7 months of observa- 


tion at West Base. 


TABLE 4 


BuRSTS IN THE Cosmic-RAY INTENSITY OBSERVED 
AT West BASE ON Two METERS, 
APRIL TO NOVEMBER, 1940 


Size X 10° ions 


Number Size X 10® ions Number 


19.5 


661 18 7 

210 19.5—21 3 
111 21 . 3 
59 23 3 
17 25 1 
19 27 1 
29 

31 

32.5 


34 


observers. Some departures of the observed 
points from the line drawn in figure 5 are to 
be expected. The smallest bursts are too few 
in number because the observer, in measuring 


the film, will usually reject a burst which he 
8 Korff, S. A. Jour. Terr. Mag. and Atm. Elec. 43: 227, 
1938. 
Schein, M., and P. S. Gill. 
1939, 


Revs. Mod. Phys. 11: 267, 


cannot be sure is not a fluctuation. This ob- 
servational fact has been commented on by 
others. The largest bursts observed in any 
given instrument will, in general, be part of a 
large shower whose linear dimensions are known 
from cloud-chamber pictures often to be con- 
siderably larger than the 15-cm. chamber used. 
Hence these meters will be expected to show a 
fewer number of the very largest bursts than 
does a bigger instrument, such as the Compton 
model C meter. This is presumably the reason 
for the differences between the frequencies of 
the largest bursts observed by the authors cited,® 
while the frequency distribution of the medium- 
sized bursts appears to be in excellent agreement 
between the several observers. 

The largest burst recorded during the winter 
was one of N = 44 X 10° ion pairs formed in the 
chamber. Since 


N = MLPI 


where L, the average path length of a ray passing 
through the electroscope, is 10 cm., and the 
instrument contains P = 30 atm. of argon, if we 
suppose that the specific ionization I of each 
ray per cm. per atm. is 50 ion-pairs, then this 
represents the passage of MJ = 3000 simul- 
taneous rays through the instrument. 

Since two instruments which were in opera- 
tion during the winter were located about 3 
feet apart, the record was carefully examined 
to determine whether any bursts had occurred 
simultaneously in the twoinstruments. This was 
done by counting the number of bursts which 
appeared to have been produced simultaneously 
and subtracting from this the number which 
would have been recorded simultaneously by 
chance, taking account of the rather poor ‘“‘re- 
solving-time”’ of this instrument. It was found 
that twelve bursts (or six ‘‘burst-coincidences’’) 
during the entire year were in all probability 
really simultaneous. The probability that these 
twelve could have appeared simultaneous ac- 
cidentally is about 5 per cent. This number 
(twelve) represents about 1 per cent of all the 
bursts and occurred at the rate of about 1 per 
month. It is therefore evident that in meters 
of this type, each shielded by 10 cm. of lead and 
placed 3 ft. apart, no important correction need 
be made for simultaneous bursts in the two 
instruments. Such coincident bursts as were ob- 
served, are attributed to the passage of the core of 
a large air shower over both the instruments. 
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NEUTRONS 


The neutron intensity as a function of latitude 
was investigated. The neutrons were measured 
by operating a BF;-filled ionization chamber, 
connected to a pliotron of type FP-54, or alter- 
natively to one of type 38, and registering the 
output pulses on a mechanical recorder. The 
volume of the chamber was about 1 liter, and the 
pressure of the gas 1 atmosphere. Owing to 
the vibrations on board the ship, this apparatus 
did not work well during the voyage but was 
taken ashore and several runs were made while 
the vessel was in port. A run consisted in the 
determination of the counting rate of the ar- 
rangement with and without a borax shield 5 
cm. thick. It was found that no change in 
neutron intensity as large as the error of observa- 
tion, namely 10 per cent, could be detected. 
Runs were made on shore at Seattle, Wash., 
Honolulu, T. H., Panama, C. Z., and Swarth- 
more, Pa. 
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INTRODUCTION 

It is with the following aims that this report 
has been prepared: 

1. To provide as complete an explanation as 
possible of the exact conditions under which the 
records at Little America III, the West Base, 
were obtained, for the benefit of any future stu- 
dents of the data. 

2. To advise anyone planning further explora- 
tion in the same area concerning the difficulties 
encountered and the precautions to be taken in 
advance. 

3. To act as a general report to the two 
agencies directly concerned, the United States 
Weather Bureau and the United States Antarctic 
Service, on the work accomplished, and to ex- 
plain to some extent the limitations imposed on 
the original meteorological program. 

Only the West Base activities, and those 
aboard the U.S. M.S. North Star, are discussed 
here. Herbert G. Dorsey, Jr., the East Base 
meteorologist, made both the outward and return 
voyages aboard the U.S. S. Bear, and except for 
a few days together at the Bay of Whales in 
February, 1940, before the start of their respec- 
tive programs, and three days in Punta Arenas, 
Chile, in March, 1941, on the homeward voyages 
after evacuation of both bases, the two meteorol- 
ogists did not see each other during the entire 
period of the expedition. 

No attempt has been made to give here any 
summaries or conclusions based on data ob- 
tained; individual reports of some phases of the 


work are ready for publication, others are in 
preparation, and it is hoped that a general report 
of the results of the entire meteorological pro- 
gram can be completed in the not too distant 
future. 

This report was prepared during the fall of 
1941 and submitted in typescript to the two 
agencies. Originally it was not intended for 
publication. Complete tabular material and 
other data, including hourly temperatures, pres- 
sures, and winds, upper air temperatures, pres- 
sures, and winds, and summaries and _ break- 
downs have been submitted to the United States 
Weather Bureau for separate publication. 

The meteorological program of the United 
States Antarctic Service Expedition 1939-41 was 
formulated during July and August of 1939 in 
conferences between officials of the United States 
Weather Bureau and expedition directors. The 
Weather Bureau agreed to furnish two mete- 
orologists, complete equipment for two regular 
stations together with their outposts and trail 
parties, and certain additional research equip- 
ment, and to arrange for a complete program of 
pilot balloon work at both stations and radio- 
sonde work at one. 

Late in July Mr. George Grimminger,' Dr. 
C. C. Clark, assistant chief of the United States 
Weather Bureau, and Mr. William C. Haines? 
began preparation of the extensive list of equip- 
ment considered necessary. All equipment was 
carefully packed in strong wooden boxes by the 
Instrument Division of the Weather Bureau, 
each box being carefully stenciled on all sides 
with an identifying number preceded by the 
symbol WB. A careful listing of the exact con- 
tents of each box was later of incalculable aid to 
the observers when they began to set up their 
stations. 

1 Meteorologist, Byrd Antarctic Expedition II, 1933-35. 

2 Meteorologist, Byrd Antarctic Expedition I, 1928-30, 
and Byrd Antarctic Expedition II, 1933-35. 
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In mid-August I was chosen as one of the two 
meteorologists to accompany the expedition, and 
within a month the second, Herbert G. Dorsey, 
Jr., also had been appointed. In conferences 
with Dr. C. G. Rossby, Research Director, 
United States Weather Bureau, and with others, 
the specific work program was outlined, and a 
memorandum thereon was prepared for Antarc- 
tic Service officials. Late in October the two 
meteorologists reported to expedition authorities 
in Boston, Massachusetts. On November 15, 
1939, I sailed with other expedition members in 
the U.S. M.S. North Star from Boston, while 
Mr. Dorsey sailed two days later in the second 
expedition ship, the U.S. S. Bear. 


SHIPBOARD OBSERVATIONS 


As soon as the North Star passed Boston Light, 
marine weather observations were begun, with 
the use of the ship’s adequate instrumental 
equipment. Some of these reports were filed for 
radio transmission, and twice while off the United 
States coast sufficient radio reports were received 
to permit drawing of maps for the benefit of the 
ship’s officers and expedition personnel on board. 

After the ship had been at sea a few days one 
of the microbarographs’® was installed in the 
wheelhouse. Although this instrument was not 
designed for marine operation, it gave generally 
satisfactory records. It remained in continuous 
operation for a year and a half, traveling from 
the Virginia Capes via New Zealand to Little 
America, there to remain a year. It never 
stopped until it had reached the Weather Bureau 
Office at Boston, Massachusetts, at the expedi- 
tion’s end. 

Six-hourly observations had been taken until 
the North Star reached Panama, but in the 
month-long Pacific crossing, entries were made 
only at Greenwich midnight. All observations 
were entered on the standard marine form. 
Wind velocities were obtained, in general, from 
the ship’s 4-cup Tycos anemometer; directions 
by gyrocompass. Pressures were obtained from 
the ship’s marine Tycos, with the use of correc- 
tions supplied by the Weather Bureau Office at 
Seattle, Washington. 

In addition, a “‘trail-type’’ thermometer box, 
especially designed for the expedition and con- 
structed just prior to departure from Boston, 
was fitted with maximum and minimum ther- 


3 Four-day, 2} to 1 scale, with 2 dash pots, manufactured 
by J. P. Friez & Sons, Baltimore. 
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mometers and mounted amidships so as to be 
least affected by the ship’s roll. Except in ex- 
tremely rough weather the maximum readings 
were reasonably accurate. The minimum ther- 
mometer, however, was useful only in unusually 
calm seas. 

Weather during the entire voyage was excel- 
lent, except that, when a few days off the New 
Zealand coast, what appeared to be the edge of 
a tropical hurricane, centered a few hundred 
miles to the northward, was encountered. 

The ship arrived in Wellington, New Zealand, 
on December 27. During the three-day stay, 
two visits were made to the main office of the 
New Zealand Meteorological Service, where vari- 
ous weather problems were discussed with Dr. 
M. A. F. Barnett, the director. Specifically, 
arrangements were made to transmit weather 
reports to New Zealand every 6 hours until the 
ship was more than 500 miles south of the islands. 
A copy of the marine weather broadcasting 
schedule was obtained, and sea-level pressure 
values, reduced from the hilltop observatory, 
were obtained for comparison with the readings 
of instruments aboard the ship. 

At noon, December 30, 1939, the North Star 
sailed for Dunedin, southernmost of the four 
principal cities of New Zealand, where another 
three days were spent in final alterations of 
equipment. As there was no weather station at 
Dunedin, barometric readings were obtained for 
further check on the barograph and aneroid from 
a lighthouse 12 miles distant, part of the Domin- 
ion’s synoptic network. 

At 6:00 A. M., January 3, 1940, the North Star 
left Dunedin. During the southward voyage 
observations were taken every 6 hours and filed 
for transmission to New Zealand. In addition, 
all records were brought up to date, preparations 
were made to begin shore records as soon as 
unloading started, and help was given both in 
the preparation of some needed aerial navigation 
charts and in the general job of preparing to 
unload the ship. 

On January 11 the Ross Ice Barrier was 
sighted. The ship circled in the Bay of Whales, 
then headed eastward along the Barrier looking 
for a more suitable unloading place. After in- 
vestigating Kainan and Okuma Bays, the ship 
returned to Kainan Bay early on January 12. 
Since neither Okuma Bay nor Kainan Bay ap- 
peared as suitable as the Bay of Whales for 
unloading operations, the North Star returned to 
that point and unloading immediately began. 
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Shipboard weather observations for the re- 
mainder of the North Star’s extensive trip were 
entrusted to Eric T. Clarke, physicist in charge 
of cosmic-ray equipment for the Bartol Research 
Foundation, of Swarthmore, Pa. Records which 
he obtained in co-operation with the ship’s 
officers are a valuable addition to the rather 
meager fund of information on the weather of 
the extreme southern Pacific. 

From the Bay of Whales the North Star sailed 
northwestward to traverse the pack ice in the 
same longitude where she had entered, then pro- 
ceeded east-northeast directly to Valparaiso, 
Chile, on one of the few such diagonal crossings 
on record. 

The Bear reached the Bay of Whales two days 
after the North Star. Within four days, having 
completed discharging its limited cargo of sup- 
plies, the ship, with Admiral Byrd on board, 
departed on a short trip of exploration to east- 
ward. Returning for three days early in Feb- 
ruary, the Bear then sailed on February 4 for 
Marguerite Bay, Palmer Peninsula, some 1,600 
miles east-northeast of the Bay of Whales. At 
Marguerite Bay a rendezvous was kept with the 
North Star, just arrived from Valparaiso with the 
supplies and equipment for East Base. When a 
site was determined on, the ships mutually aided 
in establishing the base. They then departed on 
separate courses on the return voyage to the 
United States. 

On January 10, 1941, the Bear returned to the 
Bay of Whales, and evacuation of West Base was 
started. Two weeks later the North Star ar- 
rived, exactly one year after her departure. 

On February 1 the two ships sailed from the 
Bay of Whales and proceeded independently 
toward Marguerite Bay to evacuate the East 
Base. Traveling several hundred miles apart 
along the Antarctic Circle, the ships obtained 
records of potentially great value in studying the 
storms of these perpetually cloudy regions. 

Each ship carried one of the microbarographs 
from Little America. In addition, the hygro- 
thermograph was operated on the top deck of the 
North Star, where 6-hourly observations were 
taken to supplement the hourly entries in the 
ships’ logs. 

The marine barometer used as a check instru- 
ment at West Base was installed on the North 
Star's bridge, and readings were made at least 
once a day, at Greenwich midnight. Since the 
ship's thermometers did not register below 20° F., 
a psychrometer was mounted on the wing of the 
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bridge for use of the officers in their hourly 
readings. A second psychrometer was whirled 
on the top deck near the hygrothermograph at 
the 6-hourly observations. 

During the 17 days of the North Star’s stay, 
observations were taken in the land form rather 
than the marine, and they were transmitted to 
East Base for relay to South America, where 
East Base reports were being sent regularly. 
The major work of the observer, however, was 
the erection and maintenance of a tide gauge to 
determine (for the first time, so far as was known) 
the amplitude, and especially the times, of the 
tides in this section of the world. 

The gauge was simply a long 1” X 4” board 
on which were marked 10-centimeter intervals. 
The erection of the stick proved rather difficult 
because of the rocky, steep-sided shore. Even 
though braced by rocks below the low-water 
mark and guyed by ropes to the shore, it was 
threatened several times by drifting ice. The 
gauge was mounted directly astern so that the 
ship’s searchlight could be turned upon it for 
night-time readings. Through the captain’s co- 
operation, the readings were made hourly by the 
seaman on watch. 

Rather complete records over a 10-day period 
showed the tide to be of the same general pattern 
as at Cape Horn, with equal maxima and minima 
only at the times of new and full moon. The 
amplitude was less than 1.5 meters, as was to be 
expected, but the times of high and low tide were 
one or two hours earlier than at Cape Horn, 
although the station was considerably farther to 
the east.' 

On March 25 the North Star arrived at Punta 
Arenas. During the 8-day stay in that south- 
ernmost city, comparisons were made between 
the marine barometer, the West Base station 
barometer, and the official barometer at the 
Chilean naval station. Various meteorological 
problems were discussed with Sefior U. Mattassi, 
air force meteorologist for the air base and for the 
projected government airline to Punta Arenas. 

The Bear, with the evacuated East Base men 
on board, arrived at Punta Arenas on March 28. 
On April 2 both ships departed: the Bear for 
Buenos Aires, Rio de Janeiro, and Boston; the 
North Star for Valparaiso, Panama, and Seattle. 

On May 12, 1941, I reached Washington to 
begin compilation of the data obtained and prep- 
aration of various reports. 


‘ All tidal data thus obtained have since been furnished 
the Navy Department. 
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SURFACE OBSERVATIONS 


The North Star began unloading operations 
early on Saturday, January 13, 1940. By noon 
a temporary weather station was set up on top 
of the barrier. At first the station included only 
the ‘‘trail-type’’ thermometer box, which had 
been in use aboard ship, and a hand anemom- 
eter mounted ona stick. Weather notes, includ- 
ing instrumental readings, were made whenever 
feasible, since the observer was assisting with 
unloading operations. 

By January 24 a more elaborate station had 
been established, including in its equipment a 
cotton-region thermometer shelter with maxi- 
mum, minimum, and current thermometers, a 
standard 3-cup anemometer on a 6-foot pole, and 
the hand anemometer. On this day the micro- 
barograph was removed from the ship’s bridge 
and placed in the shelter; alongside it was in- 
stalled a hygrothermograph. 

Upon the departure of the North Star at 4 
Pp. M. on January 24, “‘ice party’’ personnel, who 
had been living aboard ship, moved 2 miles in- 
land to the future camp site and pitched tents. 
The following morning erection bagan at this site 
of a weather station, similar to that at the barrier 
cache. A second cotton-region type thermom- 
eter shelter was set up to house maximum, mini- 
mum, and current thermometers, a second micro- 
barograph and astandard thermograph. Nearby 
a mercurial barometer was mounted inside a 
copper-shielded barometer board which had been 
fastened to a length of 2” xX 4” lumber fixed 
upright in the snow. A standard 3-cup anemom- 
eter was mounted on a brass rod 6 feet above the 
snow, to measure wind passage, and a hand ane- 
mometer was available for velocity determina- 
tions. Ina few days an 18-foot wind tower was 
erected and a third anemometer was placed on 


Fic. 1. First weather station at main camp, Little Amer- 
ica III, during first week of operation. View to 
WNW/;; cook tentatright. (Official U.S. A. S. photo.) 


Fic. 2. Taking the observation. The shelter holds maxi- 
mum, minimum, and current thermometers, and a 
thermograph. Temporary location, view to south; 
partly-completed “science building” at left. (Official 
U.S. A. S. photo.) 


the cross-arm (fig. 2). It was not considered ad- 


visable to install the triple register outdoors, and 
therefore automatic wind records did not begin 


for two months more. 

Observations were begun at the camp site at 
noon, January 25 (0000 GMT January 26), and 
continued irregularly until March 1, when a pro- 
gram of 6-hourly observations was initiated. 
This program was continued without a break 
until closing of the camp 11 months later. 

For the first five weeks an effort was made to 
obtain as many observations as possible on the 
international hours of 0, 6, 12, and 18, Greenwich 
Meridian Time. However, many entries were 
made at intermediate hours, since the observer 
was working full time in helping to transport 
freight and build camp, and therefore had to take 
observations and set up his station largely ‘‘on 
his own time.” 

By enlisting the aid of two of the camp per- 
sonnel, observations also were obtained from the 
barrier cache station. This station, whose equip- 
ment was similar to that at the camp site, was 
discontinued on February 15. 

All observations for the entire year were kept 
at Greenwich Meridian Time. Since the camp 
was located at longitude 164° W. and kept 180th 
(west) meridian time, observations were just half 
a day ahead of “‘local”’ time. This led to some 
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confusion among camp members but was never- 
theless adhered to, not only because the local 
time was more than an hour late, but chiefly 
because other records, such as radio, magnetic, 
and cosmic-ray, were likewise kept at Greenwich 
time. This made it convenient to change all 
record sheets at Greenwich midnight, thus keep- 
ing barograms, thermograms, and anemograms 
separated by months, and thereby eliminating 
overlaps such as occur when sheets are changed 
at 8 A.M. or 12 M. (noon). 

Once observations were put on a routine basis, 
they were always taken in the 20-minute period 
beginning 15 minutes before the hour. Custom- 


ary procedure was for the observer to reach the 
thermometer shelter about 10 minutes before the 
hour, noting cloud amount and type on the way. 
Returning to the office, he entered the observa- 
tion, noted wind velocity and direction, then 
read the barometer, as close to the exact hour as 
possible. 


After March 3 full time was devoted to obser- 
vations (daily pilot balloon ascents were begun 
early in February—see next section), computa- 
tion of barometric and other tables, caring for 
equipment, and work incident to setting up the 
complete weather station. 

The site originally selected for all instruments 
was north-northwest of the camp _ buildings, 
which were just then being erected. It was as 
close as possible to the future science building, 
yet far enough away so that little drifting snow 
was anticipated, if the immediate area could be 
kept clear. However, since it lay near the trails 
leading from the barrier cache, it was impossible 
to fulfill the good intentions of the camp leader, 
and soon boxes had been stacked a dozen feet to 
the east of the wind pole. 

On March 12, during a severe storm, a long 
dune, higher than the thermometer shelter and 
just 5 feet north of it, was built up by snow 
dropped behind the near-by boxes by the strong 
southeast wind. The next day, as soon as the 
wind abated, shelter No. 1, unused since discon- 
tinuance of the barrier station a month earlier, 
was set up in a level space 20 feet south of the 
anemometer pole, and instruments were trans- 
ferred there (fig. 2). 

The wind tower itself had not been materially 
affected by the dune. The new location, how- 
ever, was still to leeward of camp buildings, and 
thus it was decided, eventually, to move all out- 
side instruments to the opposite side of the 
camp. 


ARNOLD COURT 


On April 3 the wind tower was dismounted 
and moved to a new site 100 feet south of the 
east end of the main building. The 18-foot pole 
was erected full height above the snow, and the 
three guys were anchored to deadmen (2-foot 
square boards buried a foot in the snow). 

When the tower was erected, a spare anemom- 
eter cross-arm was placed just below and oppo- 
site the regular anemometer support, and a small 
louvered box, 18 inches on a side, was lashed be- 
neath it (fig. 3). In the box was set a telethermo- 
scope® bulb, one of three to be used in study of 


3. United States Weather Bureau station at Little 
America III as operated from May 21, 1940, to Feb- 
ruary 1, 1941. View from approximately due south. 
(Official U. S. A. S, photo.) 


vertical temperature gradients. Another bulb 
was to be in the thermometer shelter, and a third 
in the near-by snow. Wires from the wind in- 
struments and the telethermoscopes were carried 
over crossed bamboo poles to the corner of the 
bunkhouse, and thence inside the tunnel system 
to the office. One of the telethermoscope bulbs 
was in the box on a pole, another in the shelter, 
and a third was buried in the snow near the 
shelter. The lower anemometer, at a height of 2 
meters, was connected to a ‘‘sunshine’’ pen of 
triple register. The upper anemometer (partly 
hidden behind the box in fig. 3) was at the 
standard height of 5 meters. 

In all, the program called for 16 wires between 


’ Electric resistance thermometer, read by a potenti- 
ometer calibrated in Fahrenheit; made by Leeds and 
Northrup, Philadelphia. 
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Cirrus 
Surface wind is southeast, 
(Official U. S. A. S. photo.) 


Fic. 4. Light drift caused by a mild blizzard. 
clouds are barely moving. 
about 20 miles per hour. 


tower and office some 250 feet away: 7 wires for 
3 telethermoscopes, 5 for wind directions, and 
2 each for 2 anemometers, since it was desired to 
use blinkers as well as continuous record. 
Several lengths of old telephone wire were used 
to wire the various instruments as far as a master 
contact board mounted just below the upper 
anemometer. From there two lengths of 7-con- 
ductor cable and one of 2-conductor were carried 
on crossed bamboo poles above the surface to a 
second contact board in the camp tunnel system 
near the main building. Thence the circuits 
were carried by bare copper wire run through 
spreaders down the tunnels and through the walls 
into the weather office, where a third contact 
board was installed. Because of this involved 
wiring, there were occasional shorts or breaks in 
the circuits, but, on the whole, the triple register 
worked satisfactorily. It was impossible, how- 
ever, to obtain any reliable readings on the tele- 
thermoscope (see section on research problems). 
With the triple register wired and the office at 
last usable, attention was turned first to the pilot 
balloon program, which had been somewhat 
neglected. The canvas-walled balloon house, 
built by the carpenter force, was completed and 
placed in use, along with the observatory (see 
next section). Then the radiosonde receiver was 
set up and adjusted, and daily soundings were 
begun (see section on radiosonde). 
Thus by the end of April the station was doing 
all the routine work originally planned. 
Maintenance of equipment took more than 
the usual amount of time. Anemometers were 
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changed every two weeks, so that, with two in 
operation and one spare, there was one change 
to be made each week. In turn, each of the 
three ‘‘froze’’ in the course of a couple of months, 
requiring dressing down the spindle on a lathe. 
The trouble was due to extreme cold, which 
caused greater contraction of the brass upper 
bearing than of the steel spindle. Further 
trouble due to the difference in thermal expan- 
sion coefficients of brass and steel was encoun- 
tered also in the thermograph clock, which 
refused to run at —50° F. and colder. Thermo- 
graph records, therefore, became intermittent in 
May and ceased entirely in June, not to be 
resumed until September. 

Largely because of the great temperature 
range, thermometer breakage was rather exten- 
sive. In all, more than half a dozen maximum 
thermometers broke cleanly at the 62° mark, the 
center one of the four points at which they are 
calibrated. On others, bulbs were shattered 
with temperatures around the freezing point of 
mercury, —38° F. 

At lower temperatures, maximum readings 
were obtained from special thallium-mercury 
alloy thermometers provided for testing by the 
Taylor Instrument Companies, of Rochester, 
N.Y. Freezing point of this alloy was —60° F. 
Time had not allowed calibration of these ther- 
mometers before the expedition’s departure, so 
an attempt to calibrate was made in the field. 


Unfortunately for this program, it was not 
realized that regular Weather Bureau maximum 
thermometers are not calibrated at all below 
freezing, there being technical difficulties which 


Fic. 5. Hygrothermograph packed with snow after an 
average blizzard. Loosely fitting case permits snow 
infiltration. The most imperative improvement in 
equipment designed for Antarctic work is indicated 
here. (Photograph by Charles Shirley, U. S. A. S. 
photographer.) 
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the laboratory has not yet overcome. In the 
absence of any corrections on the standard card 
furnished with each thermometer, it was assumed 
the instruments were correct to 0.1° F., and cor- 
rections for the alloy thermometer were based 
on that premise. 

At temperatures below —35° F., readings of 
the alloy maximum thermometer were made pro- 
visionally and corrected later by means of a curve 
deduced from the set maximum readings noted 
at each observation. These readings were com- 
pared with the current temperature as indicated 
by the alcohol minimum thermometers, for which 
corrections had been supplied. Thus, while re- 
corded temperatures above — 35° F. are based on 
the usual instrumental procedure of three inde- 
pendent thermometers, those below that point 
are based solely on readings of one alcohol mini- 
mum thermometer, as corrected. 

To obviate the possibility of this thermometer 
straying too far from true values, a second mini- 
mum thermometer was mounted atop the shelter 
crossboard so that it could be reset if desired. 
At temperatures below —60° F. both thermom- 
eters were read, and even with application of the 
indicated correction, the ‘‘check’’ was usually 
about one degree lower. 


At best, alcohol is much inferior to mercury 
for thermometric use, owing largely to its tend- 
ency to vaporize and then condense upon the 


tube walls. When the bore is made sufficiently 
large to accommodate a minimum index, this 
trouble is increased, with the result that readings 
of current and minimum temperatures on an 
ordinary minimum thermometer are, at very low 
temperatures, accurate to no more than a whole 
degree. 

Mercury-thallium alloy, used in the special 
maximum thermometers, appears much more 
desirable, and ‘current’? thermometers using 
this metal would be greatly desirable at all sta- 
tions where temperatures below — 35° F. are an- 
ticipated. However, even these thermometers 
would become inoperative at —60° F. 

Owing to the difficulty of obtaining any glass- 
tube thermometer readings under adverse tem- 
perature conditions and of maintaining operation 
of thermographs in regions of extreme cold and 
heavy drifting snow (cf. fig. 5), it is strongly 
urged that any future meteorological work in the 
Antarctic, or under conditions similar to those 
encountered in the Antarctic, use remote record- 
ing electric thermometers. Such instruments, 
be they of the thermocouple or the resistance 
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type, should be completely wired in advance to 
heavy rubber-sheathed cables carrying the nec- 
essary number of wires and at least 300 feet long 
to permit installation at a good distance from 
the camp buildings and with no connections to 
be completed outside. 

As check, mercury or mercury-alloy thermom- 
eters could be read once or twice a day. How- 
ever, an electrical instrument, if continuously 
recording, would eliminate need for maximum 
and minimum thermometers except as a stand-by 
in case of instrument failure and during the first 
weeks before the more elaborate electrical in- 
stallation is made. 

The desirability of such electrical thermom- 
eters was indicated by Mr. Grimminger, but 
since no such equipment was then in use by 
the Weather Bureau, none was provided. Any 
future Antarctic expedition must have well- 
constructed, reliable, easily installed electrical 
thermometers if it is to benefit at all by the 
experience of previous expeditions and if it is to 
lay any claim to superiority over its predecessors. 

Wet-bulb temperatures below the freezing 
point of water generally are difficult to obtain 
and are at best a very poor indication of hu- 
midity. Even at a temperature of 0° F. a differ- 
ence of 0.2° in the wet-bulb depression alters the 
humidity by 7 per cent or more, and at —30° F. 
relative humidity of 20 per cent yields a wet-bulb 
depression of only 0.5° F. It is generally futile, 
therefore, to attempt atmospheric humidity 
measurements at low temperatures by this stand- 
ard method. Therefore, except for a trial period 
in February 1940, no psychrometric determina- 
tions were obtained. 

When warming temperatures again permitted 
operation of a clock mechanism outdoors, the 
hygrothermograph was placed in operation. The 
traces of this instrument provide the only hu- 
midity record obtained. Although the exact 
behavior of hair hygrographs at subfreezing tem- 
peratures is still a matter of experiment, the 
readings obtained are probably as accurate as 
can be expected. 

No attempt whatever was made to measure 
precipitation, but extensive measurements were 
made of surface accretion. Eight long sticks, 
on which 10-centimeter intervals were marked, 
were erected in pairs in four directions from the 


6 Readings and recordings of surface accretion were made 
by F. Alton Wade, senior scientist, U. S. Antarctic Service, 
who formulated the program and prepared and erected 
the sticks. 
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camp. Daily readings of these sticks showed 
the annual increase in the level of the surface to 
be about 40 centimeters. Apparently this slow 
annual increment is compensated by an equiva- 
lent melting at the bottom of the tremendous 
ice sheet so that its general elevation remains 
sensibly constant throughout the years. 
Because of this general accretion the surface 
level around the wind tower and instrument 
shelter rose slowly, so that 10 months after its 
erection the effective height of the wind tower 
had decreased by some 2 feet. On August 2 the 
area around the shelter and wind tower was 
leveled off to remove irregularities caused by 
eddies around the shelter. On December 9 the 
average level of the surface was 18 inches 
higher than at the time of its erection, so the 
shelter was excavated and re-erected (fig. 6). 


Fic. 6. Final instrument exposure, view to northeast 
(anemometer arm points due north). Altocumulus 
clouds of type seen are common. (Official U.S. A. S. 
photo.) 


At this final installation the shelter was faced 
southeast, this being considered the most desir- 
able orientation. With continuous sunlight, con- 
siderable difficulty had been experienced in shield- 
ing thermometers from direct sunlight at the 
1800 GMT (7 A. M. local) observation, when the 
shelter faced due east. Facing of the shelter 
southeast prevented sunlight from affecting the 
thermometers at either the 1200 GMT or 1800 
GMT observations, and also preserved the ad- 
vantage of minimum discomfort to the observer 
during blizzards. 

In the Antarctic even the technique of reading 
thermometers must be altered. Heat from an 
observer’s body or even the rays of a flashlight 
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cause a mercury column to rise visibly at low 
temperatures. Thus it is necessary to read ther- 
mometers “‘backwards”: tenths are estimated 
first, then the unit degrees, and finally the tens 
of degrees. In general, the current temperature 
was read as soon as the shelter door was opened, 
then the maximum and minimum thermometers. 

All Weather Bureau rules and definitions were 
closely followed in making the observations, 
except that special definitions were given to 
certain numbers for ‘“‘present weather’ (ww) in 
the International Synoptic code dealing with fog, 
haze, snow, and especially drifting and blowing 
snow. 

Thus there was adopted the critical limit of 
visibility less than 4 mile for 36 and 38, “heavy 
drift.” In addition the distinction between high 
and low was based on the amount of sky dis- 
cernible, ‘“‘low drift,’’ 36 and 37, occurring when 
at least half of the sky was clearly visible. With 
more than half the sky obscured, the cloud 
amount was unknown and drift was called 
“high,” 38 and 39. 

Concurrent with this definition, the limits on 
75 and 76, heavy snow, were lowered to less than 
lg mile also. For very light blowing snow, with 
visibility more than 54 mile, the definition of 
no. 18 (normally ‘‘dust storm, visibility over 
1,100 yds.’’) was expanded to include snow. 

Table 1, copied from one in constant use by 
the observers, clarifies the revisions and expan- 
sions of the standard ww definitions. 

A further special definition was given to 40 
(normally “‘fog’’) to identify the peculiar ‘‘milky”’ 


TABLE 1 


UNITED STATES WEATHER BUREAU 
LittLE AMERICA III 
WEATHER OBSERVATION CRITERIA 


Range for ww 


< 


Distance limits | Reported as |————— 


Drift 


under 150’ 
150’—1¢ mi. 
l4-Ke 
56-58 
5g-114 781 7 
144-2) 4 18 
2%-6 
6-12 
12-30 
over 30 


37, 39 


36, 38 
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With less than half of sky obscured, drift is low: 36, 38 
With more than half of sky obscured, drift is high: 37, 39 
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condition often encountered in the Antarctic. 
Uniform stratus cover of considerable thickness 
so diffuses sunlight that shadows are wholly 
lacking and perception of distance, or even of 
relative elevations at one’s feet, becomes im- 
possible. 

Few natural landmarks were available for 
visibility measurements. On very clear days 
Roosevelt Island, more than 30 miles to the 
southeast, was a good criterion. West Cape, 
four miles away, provided a fair visibility range, 
and various other formations of the Bay of 
Whales, still closer, were tabulated and used. 
In the camp area itself there were antenna poles, 
boxes, and buildings which were used to estimate 
visibility. Blowing snow was somewhat worse 
around buildings (fig. 4) than in the open, but 
visibility was strictly dependent on the height of 
the eye above the surface. 


West Base, SURFACE AIR 
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TABLE 2 
TEMPERATURE, FAHRENHEIT, 1940-41 
DatLy VALUES (mean of daily maximum and minimum) 





At night, however, these criteria were not 
available except for the Snow Cruiser, the bright- 
ness of whose light at 600 feet gave a very rough 
indication of the transparency of the atmosphere. 
Therefore, in May, June, and July visibility 
values of more than 1 mile are purely arbitrary 
and have little significance. 

Ceilings were measured occasionally by pilot 
balloons and sometimes inferred from radiosonde 
observations, but on the whole values assigned 
were quite arbitrary. Had a standard ceiling 
light and clinometer been provided, they prob- 
ably would have been used, and it is recom- 
mended that any future Antarctic expedition in- 
clude modern ceiling measuring equipment. 

Packing of surplus equipment began in De- 
cember 1940. The Bear arrived on January 10, 
1941, and within a week all equipment not 
needed in the current program was packed. On 








Date Feb. March April May June July Aug. Sept. | Oct. Nov. Dec. Jan 
1 15.4] — 7.2 25.3 | —38.2 | —57.0 | —20.0 | —30.0 | —67.3 3.9 | —9.2 10.1 30.8 
2 1.4 0.0} 14.5 | —43.0 | —27.5| — 7.6] —17.8 | —65.2| — 0.5 | —2.2 | 10.3 28.9 
3 15.8 | — 1.0 0.1 | —35.8 | —37.3 3.3 | —41.8 | ~70.2| —21.2| —7.9 | 12.3 21.3 
4 9.8 3.4 41 | —34.1 | —27.1 8.0 | —52.6 | —60.1 | —11.7| —9.5 | 21.1 23.4 
5 7.1 | 8.0 4.6 | —33.7 | —34.7| — 40 | —51.4 | —69.2 | —144| —2.3 22.6 18.8 
6 6.8 9.3 0.0 | —54.5 | —57.4 | —17.6 | —29.0 | —68.0 | — 18.5 0.5 26.4 22.1 
7 3.7 | —17.1 | — 6.4 | —53.2 | —39.8 | —32.1 | —20.3 | —56.4/] — 9.3 4.6 | 25.2 | 21.4 
~ 10.0 | — 7.2 | —40.0 | —42.7 | —19.1 | —33.6 | —22.0 | —64.5 | —33.4| 10.8 20.9 | 17.4 
9 3.7 | — 62 | —39.0 | —45.1 | — 9.1 | —163 | —45.3 | —49.7 | —38.1 15.0 15.2 16.2 
10 9.8 | —10.2 | —38.0 | —56.3 | —29.3 | —45.2 | —23.8 | —54.5 | —25.7 | 13.1 11.0 13.0 
11 6.6 10.1 | —43.5 | —54.4 | —29.3 | —26.9 | —13.8 | —52.3| — 83] 14.1 2): 258 
12 12.4 19.6 | —39.6 | —39.3 | — 9.2 | —35.1 | —16.5 | —33.5 | —22.6.| 10.5 14.0 15.8 
13 4.2 22.9 | —48.0 | —42.0 | —31.4 | —47.2 | —29.4 | —26.9 | —188| —3.0 11.4 | 21.7 
14 7.0 25.0 | —37.8 | —54.1 | — 7.8 | —49.8 | —31.8 | —41.5 7.8 0.5 8.9 | 16.7 
15 17.7 24.9 | —15.2 |} —59.1| — 3.8| —50.6 | —32.0 | —58.1 7.1 9.6 12.4 | 13.6 
16 11.9 28.6 | —18.0 | —49.0 | —26.6 | —64.3 | —26.4 | —59.1 | — 8.2 5.5 13.3 14.8 
17 5.6 20.0: — 0.1 | —25.4 | —35.7 | —48.3 | —41.8 |. —51.8 | —20.8 | 12.2 11.1 9.5 
18 — 47 21.8 16.4 12.6 | —54.2 | —59.5 | —29.9 | —61.6 | —15.3 | 15.7 13.8 12.1 
19 6.1 19.3 | | 8.1) —53.4) —56.9 | — 7.3 | —57.2| — 9.0] 144 22.4 | 13.4 
20 | #145] — 2.2| — 7.6 1.3 | —45.0 | —44.4 | -—16.6| —51.0| — 2.3 | 10.0 | 23.2 17.5 
21 9.8 | —21.2 | —17.4 | —11.2 | —17.7 | —35.2 | —19.1 | —60.0 741) 86 | 30.5 15.5 
22 14.2 | — 4.3 | -—17.3 | —27.0| — 5.0 | —20.6 | —40.0| —49.0| — 2.1} 85 | 220 | 18.4 
23 23.1 70|— 5.5 | —25.7| — 8.7 | —30.0| —18.6 | —21.1 | —14.6 5.8 | 13.4 | 23.3 
24 15.1 | — 29] — 9.4] —38.4 | —13.0 | —29.1 | —11.6 | — 1.1 | —17.0 6.6 | 23.0 | 16.6 
25 17.9} — 9.3 | —22.5| —38.3 | — 5.8} —25.5 | —41.8 | —10.8 | —19.5 6.9 23.8 13.9 
26 19.1 12.4 | — 9.2} —17.2| — 66] —13.9 | —49.8 | —17.9 | —16.8 4.9 23.7 16.2 
27 8.1) —25.1 | — 7.6 1.0 | — 9.7 | —165 | —463| -168| — 7.6] 54 30.8 | 20.4 
28 3.2 | -17.8| — 80 | —17.7| — 83 | — 4.0 | —29.7 | -11.3| -—10.9| 13.0 30.7 | 11.3 
29 8.3 | — 94| — 54] —17.7 | —244|] — 63 | —40.7 3.6 | 6.3 | 11.8 26.7 | 4.3 
30 — 80 | —19.4| —34.7 | —24.5 0.4 | —57.5 | 8.0 | — 1.3 13.1 27.8 14.0 
31 16.4 | —34.6 | —10.0 | —64.9 | — $7 30.6 16.6 
| | 
Mean 10.1 3.2 | —12.9 | —32.3 | —25.3 | —27.0 | —32.2 | —43.2 | —11.0 6.2 19.4 17.2 
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TABLE 3 


West BAsE, SURFACE WIND: PREVAILING DIRECTION AND MEAN VELOCITY, BY Days, 1940-41 


(Velocities corrected to true value, miles per hour) 
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January 15 the last radiosonde ascent was made 
and the equipment torn down and packed. On 
January 29 the last pilot balloon ascent was made. 
After the 0000 GMT observation on Febru- 
ary 1, the triple register, barometer board, and 
other instruments were packed. Anemometers, 
wind vane and bearing, and wind-vane contacts 
were removed from the pole, which was left in 
place. The shelter was taken down and stored 
in the vacant office together with the spare 
shelter, a number of surplus balloons of all sizes, 
lanterns, and miscellaneous equipment. 
Barograph and thermograph were kept in 
operation at the base until a few moments before 
the camp was finally closed and sealed. These 
instruments were carried to the ship personally 
by the observer, who also carried the station 


barometer in a leather case on this last trip from 
West Base, Little America III. 


PILOT BALLOONS 


On January 28, 1940, four days after depar- 
ture of the U. S. M.S. North Star, the first pilot 
balloon ascent of the United States Antarctic 
Service was made. This 100-gram balloon at- 
tained an altitude of 15,700 meters, higher than 
any pilot balloon ascent ever made on the Ant- 
arctic Continent previously. 

Other ascents were made as opportunity af- 
forded until a regular program of daily soundings 
was inaugurated on February 12. Thereafter 
and until January 29, 1941, soundings were made 
daily unless prevented by drifting snow or ren- 
dered inadvisable because of low visibility. 
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Fic. 7. A pilot balloon ascent from the snow surface. 


(Official U. S. A. S. photo. 


Sometimes, lack of time of the observer or lack 
of assistance prevented runs from being made. 
In a few instances more than one run was made 
in a day, either to provide reports of winds aloft 
for pilots or to study conditions peculiar to the 
day. 

Until late March these observations were made 
from an improvised site on the level snow surface 
(fig. 7), the theodolite (fig. 8) being moved twice 
as building construction and snow drifts re- 
quired. 


These three initial locations were ap- 
proximately 100 feet or 30 meters above sea- 
level. 


During this period 39 ascents were made. 
For the first few weeks balloons were inflated in 
the open. Later equipment was moved inside 
the abandoned cook tent, about 400 feet from 
the theodolite location. Many camp members 
assisted in the observations by recording: with 
two men, each could keep his hands covered most 
of each minute and thus avoid discomfort, but 
on solo observations fingers became quite chilled. 
One run was stopped after 30 minutes on account 
of frostbite. 

Early in April a combination inflation house 
and observatory was completed at one end of the 
science building and on April 14 the first ascen- 
sion was made from this new observatory, ap- 
proximately 33 meters above sea-level. 

Two smoke pipes and a few antenna poles in 
the immediate area prevented the location from 
being ideal, but none of these obstructions was 
ever a serious handicap during a pilot balloon as- 
cent. Of much greater concern were smoke and 


COURT 
vapor. While smoke trouble could be largely 
eliminated by advance banking of the stoves and 
through cooperation of others, there was no way 
to shut off the clouds of vapor which arose on 
cold days, and these greatly limited the nocturnal 
observations. 

The 12-foot-square inflation room was floored 
5 feet above the snow surface, leaving a space 
10 feet high in which balloons could be inflated. 
A ladder gave ready access to the inflation room 
floor and to the observatory deck 5 feet higher. 
Beneath the inflation room floor were stored most 
of the 134 hydrogen cylinders. After inflation 
and tying, pilot balloons were handed up to the 
observer, who released them through the theodo- 
lite hatchway as soon as the assistant returned 
to the telephone inside the building. In general, 
the design of this 2-level inflation room proved 
highly satisfactory. However, drift snow always 
leaked in during blizzards, and much time was 
spent in clearing the accumulated snow. 

Considerable leakage of hydrogen cylinders 
was experienced, the chief difficulty being failure 
of the valves to close completely once a cylinder 
had been tapped. 

With the disappearance of the sun at the onset 
of the 4-months winter night on April 22, the 
use of standard candles and lanterns for darkness 
flights was begun (fig. 9). Difficulties arose at 
once, and several weeks elapsed before many of 
these were eliminated. Melting of wax was in- 
sufficient to hold candles to lanterns, T-pins 
proving far more suitable for this purpose. 
Heating the candles until the actual moment of 


Fic. 8. Recording a pilot balloon ascent with the 
theodolite. (Official U. S. A. S. photo.) 

















Fig. 9. 
paper lantern attached being released through obser- 


Night-time balloon run. <A 30-gram balloon with 


vatory hatch. (Official U. S. A. S. photo.) 

release seemed to prolong the runs somewhat, 
although it is believed that the ordinary candles 
furnished simply will not burn at temperatures 
lower than —50° C. (—58° F.). 

One major difficulty with night-time observa- 
tions, which has already been mentioned, was 
reduced visibility caused by clouds of vapor 
rising from the heated buildings. The only 
solution to this problem would have been the 
removal of the observation point some distance 
from the buildings—a project not carried out 
because of lack of materials for a new shelter 
and scarcity of wire for extending the telephone 
system, to say nothing of lack of time for the 
observer, who was then chiefly preoccupied in 
efforts to obtain higher radiosonde observations. 

As a consequence of these difficulties, the 
night-time runs were, on the whole, disappoint- 
ing, the longest being 21 minutes but most 
ending at 5 or 6 minutes. With the sun’s return 
on August 22, however, daylight runs with 100- 
gram balloons again became possible and were 
made diligently, so that a relatively large number 
of observations were obtained from then until 
the end of the program three days before the 
ships’ sailing. 
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In September clear skies for days at a time 
permitted exceptionally long runs. To increase 
the accuracy of observations in the bitter cold 
of —50°C. to —60° C. (ascents were followed 
consistently to bursting at 40 to 50 minutes), 
two men alternated at 10-minute intervals at 
the theodolite, while a third recorded inside 
the building. This eliminated the danger of 
hasty readings resulting from necessarily frequent 
pauses to rub the face to prevent frostbite, if a 
single observer were to remain at the eyepiece 
for the entire hour required. 

Since one of the research problems upon which 
data were desired from this expedition was that 
of vertical wind structure in inversions, readings 
were made in almost all ascents at half-minute 
intervals for the first 10 minutes, the routine 
1-minute intervals being used thereafter. In 
some cases, when it appeared that the balloon 
would soon enter a cloud layer, half-minute read- 
ings were continued after 10 minutes had elapsed. 

In calculating the results, the ascension rates 
adopted in 1939 by the Weather Bureau were 
employed, direct interpolations of altitude being 
used for the half minutes. For the 30-gram 
balloons, distance tables were available, but none 
had been as yet published for the 100-gram 
balloon, so that comparison of the distances 
obtained by slide-rule computation with the 
recently published tables shows some discrep- 
ancies. These are, so far as has been found, less 
than the margin of error in plotting and thus do 
not affect the accuracy of the results. 

This use of the standard Weather Bureau pilot 
balloon altitudes (and distances) probably intro- 
duces a constant source of error in the results, 
since these tables are based upon double theodo- 
lite observations made generally on warm days. 
Obviously, the 10 per cent increase in ascension 
rate during the first 5 minutes of the run, gener- 
ally attributed to local turbulence or possibly 
convection, should not be used for ascents made 
over a perfectly level snow surface, especially in 
a pronounced inversion with consequent com- 
plete lack of convection. 

It had been hoped originally that double the- 
odolite observations could be made in situ to 
obtain more accurate altitude values, but, owing 
to the scope of the meteorological program and 
the lack of any trained assistants for the ob- 
server, this was impossible. However, double 
theodolite observations may be made later under 
somewhat similar surface conditions—such as 
might be found over the northern Plains States 
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in the wintertime—and from their results the 
West Base observations may be recomputed on 
a more accurate basis. 

In both the 30-gram and 100-gram ascents, 
directions and velocities were obtained over 
2-minute periods, except that during the first 
10 minutes values were obtained for 1-minute 
intervals, using alternate readings. To obtain 
this increased detail, the plotting board was 
modified by the addition of a distance scale twice 
that of the ordinary one. 

Of the 233 numbered ascensions, 14 did not 
attain the minimum elevation of 1,000 feet (330 
meters) required by Weather Bureau regulations 
and therefore should not have been counted. 
Most such runs were made to determine ceiling 
heights, since no ceiling balloons were available. 

All observations up to August 6 were com- 
pletely plotted, graphed, and summarized in the 
field, as were all observations from August 17 to 
September 10 and a few other observations made 
in September and December. With the aid 
of Messrs. Anderson, Hafer, and List, of the 
Weather Bureau Central Office, the work was 
completed in 1941. 

Except when upper air data were urgently 
needed for flight operations, all computations 


and plotting of pilot balloon ascents were left to 


the assistant, and this work of Harrison H. 
Richardson and Malcolm C. Douglass was of 
great help to the meteorological program. Both 
became competent observers as well as recorders 
and computers. 

Owing to the liberal supply of 100-gram bal- 
loons provided, many high ascents were obtained. 
The pure-gum balloons often were followed to 
bursting point, and several times, notably during 
the extremely cold September days already men- 
tioned, they were observed to burst into 2 halves 
which kept their shape several minutes before 
disintegrating. This behavior was distinctly at- 
tributable to extreme cold, since companion 
radiosonde observations showed temperatures 
colder than —80° C. (—115° F.) at the common 
bursting level of 14 kilometers, which is con- 
siderably lower than the normal bursting point 
for 100-gram balloons. 

On the few occasions when red 100-gram 
balloons were followed to bursting (in general, 
red balloons were used only against high alto- 
cumulus or cirroform clouds and thus were 
usually lost before bursting), the bursts came at 
lower levels than those of pure-gum balloons, 
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indicating that dye decreases the elasticity of 
rubber at low temperatures. 

The 30-gram balloons provided had even less 
elasticity than the 100-gram balloons, being com- 
pletely inelastic at observed surface temperatures 
of —50°C. (—58°F.). These balloons were 
furnished only in red and in black, and black 
seemed to have slightly better elastic qualities at 
low temperatures. The lack of pure-gum latex 
30-gram balloons was keenly felt, since their 
availability probably would have extended night- 
time runs several minutes. 

Although the number of ascents (219) is con- 
siderably less than that of either of the two Byrd 
expeditions, the use of 100-gram balloons, not 
generally available for those expeditions, renders 
the current set of observations fully as valuable 
as any previous upper air data for the Antarctic. 
If there had been no radiosonde program to 
occupy most of the time of the single observer, 
or if two or more professional meteorologists had 
been assigned, evén better results would have 
been obtained. 


RADIOSONDE OBSERVATIONS 


From April 26, 1940, until January 15, 1941, 
a period of almost 8 months, 190 radiosonde 
ascents were made at West Base. Of this num- 
ber, 188 attained the minimum height of 3 
kilometers now required by the Weather Bureau, 
and only 8 failed to reach 6 kilometers. This 
upper atmosphere sounding program, the most 
comprehensive ever made on the Antarctic Con- 
tinent, revealed the startling disappearance of 
the stratosphere during the Antarctic winter and 
its unexpected warmness during the summer.’ 

The Weather Bureau purchased from Julien P. 
Friez and Sons, of Baltimore, 200 RaySondes of 
the Diamond-Hinman pattern. The Friez Com- 
pany generously lent the complete ground equip- 
ment necessary, including duplicate units to 
insure continuity of operation. No late-model 
equipment was available except for a Cyclo-Ray 
recorder. 

The Weather Bureau provided 223 of the 
standard Darex 350-gram balloons purchased 
from the Dewey and Almy Chemical Company, 
of Cambridge, Mass. Owing to the extreme un- 
likelihood that any instruments after use would 
survive blizzards long enough to be recovered by 
the few field parties contemplated, no parachutes 


7 Tropopause Disappearance During the Antarctic Win- 
ter. Bull. Amer. Meteor. Soc., 23; 220—238, 1942. 
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were provided. Nor were drag balloons pro- 
vided, since sluggishness of humidity elements is 
the chief reason for requiring moderate ascension 
rates in low levels under temperate conditions, 
and temperatures encountered were always be- 
low 0° C., where hair hygrographs are unreliable. 
This did not impair the altitude computations, 
since the virtual temperature correction at 0° C. 
is less than one-half a degree. 

In all, 134 cylinders of hydrogen were fur- 
nished for the combined radiosonde observation 
and pilot balloon ascent programs. Hydrogen 
was chosen in preference to heilum, because its 
greater compressibility and lifting power rendered 
necessary the transportation of fewer of the 
cumbersome 135-pound cylinders—a vitally im- 
portant consideration in a 12,000-mile shipment 
by truck, steamer, and dog sled. 

On the whole, radiosonde observations were 
made daily, an effort being made at all times to 
space the observations equally over the available 
time. 

After the inauguration of the program it was 
found that release of the balloon and instrument 
was well-nigh impossible in winds of more than 
17 or 18 miles per hour. Thus, since operations 


of other camp equipment on the common elec- 
trical system (specifically, the many schedules of 


the radio department) left only a few hours dur- 
ing the day available for ascents, many days 
were skipped on account of high winds. When 
observations were not precluded by other causes, 
they were sometimes purposely skipped to avoid 
exhausting the supply of instruments before the 
end of the program. 

Several attempts were made to launch balloons 
during winds exceeding 18 miles per hour, but 
they always ended unsuccessfully and often with 
damage to the instrument. Because of the gen- 
eral flatness of the surrounding terrain, the ver- 
tical gradient of wind velocity is exceptionally 
steep, so that even an over-inflated balloon, when 
released in a strong wind, will not rise at all but 
will be forced down against the surface by the 
faster-moving air immediately above. 

A serious factor which regularly limited the 
height of wintertime ascents is the general 
inability of pure-gum latex rubber to retain 
elasticity at temperatures below —80° C. after 
previous chilling. Thus, while ascents at tropi- 
cal stations have registered temperatures as low 
as —90° C., the balloon there is exposed to these 
temperatures for a relatively short time—usually 
less than half an hour—whereas in Antarctic 
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wintertime operation the entire ascent is made 
at temperatures far below 0° C. and the balloon 
is thoroughly chilled long before reaching this 
critical level of —80°C. Despite low tempera- 
tures, however, there were no cases of failure 
which seemed attributable to freezing of batteries 
or to the effects of cold upon the transmitter. @ 

Batteries provided were of three types: 100 
standard dry batteries, some 33 by 3 by 2 inches, 
weight about 350 grams, with expected shelf 
life of 90 days; 120 large size dry batteries, twice 
the weight of the standard ones and correspond- 
ingly larger, with an expected shelf life of 6'to'9 
months; and 50 wet batteries, containing a 3-cell 
A section and 60-cell B section, weighing about 
200 grams. Since ascents did not begin until 9 
months after packing of equipment, considerable 
deterioration of the dry batteries was anticipated. 

These small batteries performed well, although 
more than a score were rejected because of dead 
cells and other failures. Their average life in 
the air was about 13 hours, and thus it was fortu- 
nate that they were used at a season when 
extremely low temperatures aloft limited ascents 
to 15 kilometers or less. The larger dry batteries 
proved excellent, and more than 15 months after 
their manufacture they gave runs of 3 and 4 
hours with no noticeable loss of strength. 

Wet batteries were used only as a last resort. 
Aside from an annoying tendency of both ter- 
minal leads to break off, these proved hard to 
charge and had a life of barely 1 hour—a most 
annoying curtailment when ascents had been 
averaging 3 hours. 

Serious difficulties arose from the irregular 
power supply and from interference, not only 
from the base radio transmitter but from other 
electrical equipment. Utilization of a motor 
generator would have insured a constant power 
supply, and advance arrangements should have 
been made to guarantee quiet periods, thus elimi- 
nating much of the interference. In an effort 
to maintain constant communication with the 
outside world, radio schedules were maintained 
throughout the day and night. These schedules 
were frequently changed, forcing the observer to 
operate at unpredictable odd hours in hope of 
obtaining an undisturbed signal. 

In addition, measurements of radio signal 
strength of two United States stations were made 
every 6 hours, demanding shutdown of all elec- 
trical apparatus during the 5 minutes necessary 
for the observations. 

The radio department, with its two 500-watt 
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and one 100-watt transmitters located only 25 
feet from the RaySonde receiver and with atten- 
nae strewn in every direction from the building, 
was the chief source of interference, but other 
equipment, such as battery charger, washing 
machine, and razors, contributed its share. 

Since the assistance given to the meteorological 
department was on a voluntary basis, there were 
a few times when radiosonde observations were 
skipped to avoid inconveniencing an assistant. 
In all, more than half of the camp personnel of 33 
men aided in launching balloons at one time or 
another during the program. 

From October 13 to November 9 observations 
were very infrequent because of the stripping of 
four teeth on a recorder gear. Eventually a re- 
placement was sawed and filed out of bakelite. 
During the 28 days of recorder shut-down, seven 
ascents were made and data were obtained by 
reading visually the frequency meter dial and 
noting the exact times of contact switching on a 
sweeping second-hand watch, and by drawing the 
values on recorder paper for evaluation. 

Chief of the inherent difficulties encountered 
in the equipment used was in obtaining a steady 
record at extremely low audio frequencies corre- 
sponding to low temperatures. Lack of standard 
gas-filled coaxial cable and dipole antenna was 
keenly felt, since home-made dipoles of ordinary 
insulated copper wire with twisted pair lead-in 
gave far less signal strength than could have been 
obtained with the standard system. 

Ground checking of instruments before flight 
was a continual source of trouble. As a result, 


the accuracy of the temperature values on many 


of the ascents is open to some question. In brief, 
the problem was to cool the instrument to out- 
side temperature as quickly as possible so that 
the pre-heated battery would not be too greatly 
chilled before release. 

All preparations for release of RaySondes were 
made in the large inflation room already de- 
scribed (in the discussion of pilot balloon ascents 

see preceding section). The standard practice 
was to take the RaySonde, with heated battery 
freshly installed, outside into the inflation room. 
There it was placed upon the test switch, brought 
out at the same time, and connected to it. A 
standard Fahrenheit thermometer was so sus- 
pended from a string that its bulb was inside the 
thermoshield, often touching the temperature 
tube. Either a standard psychrometer or a 
standard minimum thermometer was used, de- 
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pending on whether the temperature was above 
or below the freezing point of mercury. 

After 5 to 10 minutes had been allowed for 
cooling, the observer reentered the cold inflation 
room, read the suspended thermometer, con- 
nected the two wires of the RaySonde, and 
hurried back to the building. All practicable 
precautions were taken to insure escape of a 
minimum of warm air from the building to the 
adjacent inflation room, and the observer tried 
to keep heating from his person as low as possible. 

Back inside the building the observer tuned in 
the RaySonde. As soon as 3 sets of contacts 
had been obtained, he again went out, read the 
suspended thermometer and disconnected the 


Fic. 10. After the ground check of RaySonde, observer 
and assistant (H. H. Richardson) go to inflation 


room, clip wires off instrument, and prepare it for 
flight. (Official U. S. A. S. photo.) 


instrument. Good agreement was obtained be- 
tween the two contacts and their corresponding 
temperatures, but because the air surrounding 
the instrument was cooling during the check 
period, the second reading almost always was 
lower than the first, and thus few records show 
two check contacts agreeing with each other. 
The check completed, the observer and his 
assistant worked as rapidly as possible to put the 
apparatus into the air before too much additional 
cooling took place (fig. 10). The balloon, whose 
inflation had been completed about the time 
that the instrument first was taken outside to 
cool, was tied and the instrument was secured to 
the cord. The assistant climbed_the ladder to 
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the roof and caught the neck of the balloon as 
it was slowly let up from below. While the 
assistant paid out the cord, the observer went to 
the roof, pulled up the instrument by the string, 
and gave it a last-minute check before passing 
it to the assistant for releasing. 

Release was made from one of the corners of 
the roof of the inflation house (fig. 11) as soon 
as the observer, who had descended to the re- 
ceiver, called out that the signal was being 
received satisfactorily. Until actual release the 
instrument was usually held firmly against the 
roof so that it was not exposed to true air tem- 
perature until the assistant began to permit its 
ascent (fig. 12). Final setting of the baroswitch 
was made on the floor of the inflation room at 
outside temperature just before the instrument 
was pulled up to the roof for release. This set- 
ting of the switch at temperatures quite different 
from those at which the original calibrations had 
been made, introduced a serious error increasing 
with altitude. 

This error is due to temperature effect on 
pressure element and is inherent in the metallic 
nature of the aneroid element. It can be elimi- 
nated from radiosondes either by elaborate auto- 
matic compensation, similar to the temperature 
compensation used in good, well-built aneroid 
barometers, or by applying corrections based on 
tests of the individual instrument. If the in- 
struments are sufficiently standard, the error can 
be eliminated by application of mean corrections. 
Mean corrections have been determined by the 
Friez Company and are given graphically in the 


Fic. 11. Observer lets balloon up gently to assistant. 


(Official U. S. A. S. photo.) 
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Fic. 12. Final check of instrument before balloon is 


released. (Official U. S. A. S. photo.) 


latest (1941) edition of their ‘Instructions for 
Installation, Operations, and Maintenance” 
the equipment. 

In order to eliminate this and possibly other 
errors made in the original work while in the 
field, the entire series of radiosonde observations 
is being recomputed. 


of 


RESEARCH PROBLEMS 


The specialized meteorological research pro- 
gram planned for West Base was for the most 
part abandoned, owing in large measure to lack 
of wire for instruments and also to lack of time 
on the part of the observer. On the problem of 
vertical wind and thermal gradients only the 
former was measured; several attempts to obtain 
data on the temperature distribution near the 
surface met with no success. 

Inasmuch as neither conventional sunshine 
recorder nor rain gauge would operate under 
expected conditions, neither of these instruments 
was used. Instead, the second pen of the triple 
register was connected to a standard anemom- 
eter located 1 or 2 meters above the snow. 
While not quite so easy to read as the regular 
anemometer pen trace, this record is readily 
interpretable to give the wind velocity at the 
lower level and thus, by comparison with the 
standard trace, an indication of the gradient. 

Three standard 3-cup anemometers were ro- 
tated between the two positions, so that any 
instrumental error could be deducted and com- 
pensated. 

To measure the temperature gradient three 
telethermoscope bulbs were provided. One was 
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Fic. 13. Radiosonde release in summer. 
(Official U. S. A. S. photo.) 


mounted in normal manner in the thermometer 
shelter. A second was placed in an especially 
constructed louvred box, 18 inches on each side, 
mounted on the anemometer pole opposite and 
below the upper anemometer. As far as pos- 
sible, this box was oriented for least interference 
with air flow to the anemometer, and its effect 
upon the wind record is believed to have been 
negligible. The third bulb, of the flat, bladelike 
type, was placed 1 centimeter below the surface 
of the snow. Wires from all three were run 
alongside of the wind-recording cable to the 
weather office, where a knife plug and three ordi- 
nary house lighting sockets were used as a 
switching device between the elements and the 
telethermoscope itself. 

Late in August, after three months of un- 
successful endeavor, owing, in the main, to lack 
of wire necessary for properly wiring the circuits, 
a final effort to measure the temperature gradient 
was made. A new telethermoscope bulb, with 
50 meters of rubber-covered, 3-conductor cable 
attached, was borrowed from Dr. Wade. Two 
8-foot lengths of *4-inch pipe were joined to- 
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gether and mounted upright in the snow as far 
toward the thermometer shelter as the cable 
would allow. The bulb was suspended from a 
short cross-arm attached to the top of this pipe 
some 5 meters above the snow. By means of a 
stout string threaded through a loop at the end 
of this cross-arm and run through a hole in the 
snow to one of the sub-surface tunnels of the 
camp, it was possible to raise and lower the 
thermal element. The inner end of the string 
was measured off in 4-meter lengths and so cali- 
brated that, although beyond view, an assistant 
could tell exactly at what elevation above the 
surface the bulb was suspended. The weight of 
the electric cable kept the suspending string 
nearly vertical. By these precautions all effects 
of the observer on the temperature to be meas- 
ured were eliminated. The pole was to the 
southwest of the camp buildings, and most of the 
gradient measurements were taken either during 
periods of southwest airs, characteristic of settled 
conditions with lowest temperatures and most 
marked inversions, or during southeast blizzards, 
with high surface temperatures due to large-scale 
mixing of the warm inversion air with the cold 
surface air. 

Observations were made in daylight and in 
darkness, on clear days and on cloudy, and with 
wind velocities varying from calm to 12 m. p. s. 
(25 m.p.h.). The rate at which the element 
was raised and lowered was varied from 1 minute 
to 15 minutes for the 5 meters. Nevertheless, 
no consistent difference was found between any 
2 points between the surface and 5 meters. 


Fic. 14. Recording a radiosonde ascent. H. H. Richard- 
son is plotting a pilot balloon ascent, while the ob- 
server is receiving and computing the radiosonde data. 
(Official U. S. A. S. photo.) 
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Either the method employed was not sufficiently 
accurate or there was no appreciable thermal 
structure to the surface air, although during the 
time of observation surface temperatures varied 
from —55°C. (—70° F.), with a pronounced 
inversion at 1 km., to —22°C. (0° F.), with no 
inversion. 

Shortage of wire likewise handicapped the 
radiation-measuring program; consequently less 
than two score determinations were obtained. 

During the course of observations certain limi- 
tations developed in the use of the melikeron 
approximate black-body pyranometer (fig. 15).° 


Fic. 15. Melikeron (approximately black-body) pyra- 
nometer in position for radiation measurements. 


(Official U. S. A. S. photo.) 


First, the instrument must be kept at a fairly 


uniform temperature. Under conditions as en- 
countered, this meant, in effect, that observa- 
tions could be made only when the instrument 
was to windward of the camp. Since wiring 
prevented ready moving of the melikeron, it 
could be used only when air motion was from it 
toward camp buildings. Second, radiation to 
and from a homogeneous sky only could be 
measured. Scattered or broken clouds caused 
wide fluctuations in radiation, and thus readings 
were possible with clear or over-cast skies only. 

Observations were begun by Dr. Wade early 
in May 1940 after he volunteered to take charge 
of the program. First exposure of the instru- 
ment was through an escape hatch from the 
balloon inflation shed directly above a door of 
the heated science building. After some two 
weeks, observations were discontinued pending 
relocation of the instrument at a place free from 


8 A honey-comb radiator-absorber, in which the amount 
of electric heating necessary to maintain equilibrium indi- 
cates radiation amount. Instrument developed and made 
by Smithsonian Institution, 
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local heating effects. Press of other work inter- 
fered, and a month elapsed before additional wire 
was found and the instrument was relocated 
some 50 feet from the building. In bringing the 
instrument into the building to remove drift 
snow from the honeycomb, Dr. Wade tripped, 
and, in falling, broke the legs of the instrument 
loose. 

Two more months elapsed before the instru- 
ment was repaired, and another before it was 
warm enough outside to dig up the wire and 
relocate it. Observations finally were begun on 
October 6 and were continued as opportunity 
offered until January 16, when the instrument 
was dismounted and packed. 

A total of 28 determinations were made in this 
period. The number of observations was lim- 
ited not only by the need for homogeneous sky, 
as discussed above, but also by the length of time 
needed for one observation, usually an hour or 
more. 

Two other research problems in meteorology 
were initiated by Paul Siple, the base leader, and 
were carried out with the use of Weather Bureau 
equipment furnished and maintained by the 
observer. 

One was an attempt to determine the amount 
of cold air drainage into the shallow valley 
(Eleanor Bolling Valley) just northwest of camp. 
For this project 10 minimum thermometers were 
so mounted on exposed boards that they could 


Fic. 16. One of a series of minimum thermometers being 
read by I. N. Schlossbach and Loran Wells on their 
daily round. Ten thermometers were mounted iden- 
tically on exposed boards to obtain a thermal cross- 
section of Eleanor Bolling Valley. (Official U.S. A. S. 
photo.) 
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be turned upward for resetting (fig. 16). They 
were placed on the rim of the valley, half-way 
down the slopes, and in the center. During the 
dark months they were read daily, except when 
blizzards prevented, by two camp members 
(Isaac Schlossbach and Loran Wells), and the 
uncorrected readings were entered in a special 
book.’ Recalibration upon their return to Wash- 
ington of all the surviving minimum thermom- 
eters, including about half of those used in this 
study, revealed the unreliability of such instru- 
ments at low temperatures, so that the accuracy 
of their readings is no better than a whole degree. 

Demanding greater attention was the second 
problem, an effort to determine the relation of 
rate of cooling to temperature and wind velocity. 
Although this problem has been studied exten- 
sively in laboratories under controlled conditions, 
Dr. Siple designed his own experiments for field 
conditions. The results of this study'® will be 
used to determine the weather’s danger point to 
man in terms of wind velocity and temperature. 


FIELD OBSERVATIONS 


The first weather observations to be made out- 
side the camp limits were those of a three-man 
party which went out 14 miles in mid-winter 
darkness to photograph aurora simultaneously 
with photographs made at the base. Two sep- 
arate trips were made one month apart. Aside 
from noting sky and weather conditions, and the 
temperature (which reached —70° F.) as indi- 
cated by a minimum thermometer, no weather 
data were accumulated. 

In mid-September an advance party of four 
men set out by tractor to haul a preliminary 
load of fuel and to mark the eastern trail toward 
the nearest mountains. Only fragmentary tem- 
perature and weather entries were made on this 
16-day trip. 

In mid-October the three major field parties, 
totaling 11 men with 7 dog teams, left. After 
helping establish the Seismic Station in the 
Rockefeller Mountains, these parties pushed on 
eastward. Each party carried one or more 
aneroid barometers, one maximum and two 
minimum thermometers, and one special ‘‘trail- 
type’ thermometer box already described. 


* “Micro-climatological Tables with Foreword’’: appen- 
dix 2, West Base Narrative, Official History and Record, 
U.S. Antarctic Service (unpublished). 

1 Cf, Siple and Passel, Proc. Amer. Philos. Soc. 89: 177- 
199, 1945. 
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In general, entries in the specially designed 
meteorological trail logs were made twice daily, 
at the start and end of each day’s run. A few 
entries were made at other times, principally in 
the hope of establishing heights of-various points. 
These observations have been used to determine 
approximate heights of all camp sites, as fully 
discussed in a separate report. 

Most important of the field weather observa- 
tions were those made irregularly from Novem- 
ber 1 to December 29 at the Seismic Station on 
Mount Franklin in the Rockefeller Mountains 
of King Edward VII Land. In all, 117 observa- 
tions were made, all at one of the four Greenwich 
times also used for observations at the main base 
some 120 miles away, and by trail parties in the 
vicinity. The number of observations made at 
each time was: 

GMT 


1200 1800 


0000 | 0600 | 





November a sl 10 4 
CINE 5. sc sk vt 11 8 
NES white | 42 a2 .1. 2) 10 


The observations were made by Roy G. Fitz- 
simmons, physicist of the expedition, who had 
had considerable previous meteorological expe- 
rience. The equipment included an aneroid 
barometer, a small 3-cup airway anemometer 
connected to a blinker light, a microbarograph, 
and a trail-type thermometer shelter for maxi- 
mum and minimum thermometers. A mercurial 
(Tuch) barometer and shielded board were trans- 
ported laboriously to the site, only to be found 
unserviceable because of a loose cistern screw, so 
that all readings were made with an aneroid 
barometer. The maximum thermometer was 
broken after a week’s use; thus no mean tem- 
peratures are available. 

The tent and equipment at the Seismic Station 
were situated on a level stretch of ice about 100 
feet square which lay in a corner formed by the 
eastern side of the mountain and a level ridge of 
rock trending eastward from the northeast corner 
of the mountain. 

Barometric computations give the camp alti- 
tude as 1,280 feet, within 10 feet; position, lati- 
tude 78° 06’ S., longitude 155° 30’ W. 


CONCLUSION 


Considerable space has been devoted in this 
report to describing and explaining the difficulties 
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of meteorological observation under Antarctic 
conditions. Recommended precautions for fu- 
ture expeditions are: 

1. Personnel: Each major base of operations 
should have at least two qualified observers whose 
primary intention and responsibility it is to ob- 
tain as many observations as possible. 

2. Quarters: Adequate housing must be pro- 
vided for all observational equipment, on a site 
carefully selected for optimum exposure as well 
as convenience in wiring and working, and pref- 
erably in a separate small building well removed 
from sources of electric disturbance (for radio- 
sonde work) and of smoke and vapor (for pilot 
balloons and visual observations). 

3. Program: Not only must a complete pro- 
gram of work, with numerous alternatives, be 
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prepared in advance, but it must be accepted by 
all those in authority, so that weather observa- 
tions will not be sacrificed to other duties. 

4. Equipment: All instruments must be care- 
fully selected in anticipation of the particularly 
rigorous use anticipated, and the climatic condi- 
tions to be experienced. In particular, they 
must be adjusted to the expected temperature 
range, or even designed and constructed espe- 
cially to minimize the effects of contraction (in 
clocks, anemometers and other moving instru- 
ments), of loss of elasticity (balloons) or com- 
bustibility (candles) or conductivity (batteries), 
and to withstand fine driven snow (thermo- 
graphs). Obviously, they must be calibrated in 
advance for the conditions they are expected to 
measure. 





AN ANTARCTIC MOUNTAIN WEATHER STATION 
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Meteorologist, East Base, U. S. Antarctic Service 


(Read November 21, 1941, in the Symposium) 


THE descriptive nature of this paper implies 
that little or no documentation is called for, but 
the references listed have come to mind in pre- 
paring the account. They should furnish the 
detail necessarily lacking here. 

The meteorological program at the East Base 
of the U. S. Antarctic Service Expedition, 1939 
41, was featured by the establishment of a com- 
pletely equipped weather outpost over a mile 
above sea-level on the plateau of Palmer Penin- 
sula, Antarctica. 

Though only occupied for a little over two 
months in late spring and early summer, this 
weather station should find a place among the 
noteworthy mountain observatories of the world. 
It was the initial one of its kind in the Antarctic. 

The Advance Base, where Rear Admiral Rich- 
ard E. Byrd wintered in 1934 on the Ross Shelf 
Ice, collecting meteorological data at great hard- 


ship, was the first weather outpost in Antarctica 
to be operated in conjunction with a main base 


(Byrd, 1938). The weather entries in logs of 
sledge parties journeying on the South Polar 
Plateau have made great contributions to our 
knowledge of the meteorological conditions pre- 
vailing there (Simpson, 1919). With all honor 
to these pioneers, it may still be noted that the 
Plateau Weather Station furnished the first de- 
tailed high-level weather data obtained in south 
polar regions in a form suitable for comparison 
with nearby sea-level observations. 

In March, 1940, supply ships of the U. S. 
Antarctic Service Expedition penetrated Neny 
Fjord on the east shore of Marguerite Bay, un- 
loading equipment for a base on terrain discov- 
ered by Charcot (1911) and explored by Rymill 
(1939). The camp, at 68° 12’ S. and 67° 03’ W., 
was situated on a low island having a glacial 
connection to the mainland of Palmer Peninsula. 
Numerous glaciated peaks, island and conti- 
nental, surrounded East Base in its position 
southward of all previous wintering sites chosen 
by expeditions in the American quadrant of the 
Antarctic. The rough topography provided ex- 
cellent shelter for the buildings, but the wind and 


low cloud observations quickly revealed the pres- 
ence of strong local meteorological effects. 

Orographic cloudiness and glacier winds com- 
plicated the problem of daily weather forecasting 
for East Base operations. Drift plumes on snow 
peaks and frequent pilot balloon observations of 
the winds aloft gave valuable indications when 
low clouds were absent, but the lack of aerologi- 
cal material was keenly felt. If practicable to 
establish, a mountain observatory could have 
provided part of the desired data, much the same 
as in the United States and in other countries 
where weather phenomena observed at mountain 
summits provided upper-air data for research 
and forecasting before the establishment of mod- 
ern radiosonde networks (Stone, 1934). 

The logical site for a mountain observatory, 
to operate in conjunction with East Base, was 
the 5,500-foot plateau several miles to the east. 
Unfortunately, this rugged backbone of the 
Palmer Peninsula and southward extension of 
the Andes had defied all attempts to scale it. 
Charcot’s men, sledging inland near 65° S., were 
turned back by huge icefalls at an elevation 
above 3,000 feet on the glacier which they were 
ascending. Rymill believed that a climbing 
party could attain the plateau, but maintained 
that it was inaccessible to dog teams north of 
69° S., south of which the plateau scarp gave way 
to gently sloping approaches where he sledged to 
and beyond the divide. 

The plans for geographical exploration at East 
Base called for both surface and aviation opera- 
tions on the Weddell Sea side of the peninsula. 
Airplane reconnaissance in May revealed several 
potential routes across the plateau near the base. 
These were investigated in July by short jour- 
neys utilizing the noonday twilight. Early in 
August, 1940, a sledging party from East Base 
pioneered a route to the plateau, completing an 
ascent which previous explorers considered im- 
practicable for dog teams hauling loaded sleds. 
This route seemed satisfactory for the transfer 
of supplies to provision depots along the plateau 
and down the Weddell Sea coast, and indicated 
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346 H. G. 
the possibility of erecting a mountain weather 
station. Subsequent depot parties averaged a 
325-foot climb per mile over a period of two days 
in making the 16-mile trip from base to plateau, 
coming close to Amundsen’s phenomenal ascent 
of the South Polar Plateau (Hayes, 1928). 

A number of arguments were now brought 
forth in favor of a mountain observatory. The 
late fall season of extensive aviation operations 
would profit greatly from the extended visual 
weather observations both westerly and easterly, 
especially when the plateau was above low clouds 
covering the base camp. Dependable informa- 
tion on wind and temperature a mile above sea- 
level, regardless of weather conditions, would 
improve the local forecasts and could be used in 
later research. Such a station could serve as a 
guide to the problems of operating possible future 
high-level outposts on the Polar. Plateau itself, 
such as suggested by Hayes (1928) and already 
successfully maintained on the Greenland Ice 
Cap. In connection with the surface parties 
relaying depot loads up to the gale-swept plateau 
and across to the Weddell Sea, the proposed 
observatory might serve as a way station and 


sanctuary in case of emergency. The value of 
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R. Palmer at instrument shelter, Plateau Weather Station. 
In middle distance (left to right), Millerand Island and Cape Calmette. 


DORSEY, JR. 


such a shelter at the top of a steep and windy 
climb on a principal sledging route could never 
be denied after the experiences of Mawson and 
his men at their ‘“Aladdin’s Cave’’ (Mawson, 
1915). 

In the latter part of September and early Oc- 
tober, plans were laid for the mountain weather 
station and equipment was collected. <A 10-foot 
triangular tower for wind instrument support had 
to be constructed in knock-down form, and so on 
for thermometer shelter, recording-instrument 
table, and barometer support. All these items 
were prepared for easy assembly in the uncom- 
fortable conditions anticipated on the plateau, 
and yet a weight minimum was sought. A spe- 
cial tent of heavy canvas, designed and re- 
enforced to withstand months of hurricane winds 
and abrasive snow drift, was to house the two 
observers. 

Late in October, nearly 1} tons of equipment 
were transported by four 11-dog teams to the pro- 
posed meteorological outpost, located at 68°07’ S., 
66° 30’ W., on a plateau knoll about 12 miles 
east of the main base. Lester Lehrke, C. B. M., 
U.S. N., and Robert Palmer occupied the Pla- 
teau Weather Station continuously thereafter, 
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Marguerite Bay below, extending to distant horizon. 
Looking west. December, 1940. 
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throughout November and December. East 
Base was soon contacted on low-power radio 
equipment, including a battery-operated receiver 
with transmitter energized by a hand-cranked 
generator, and a twice-daily schedule was suc- 
cessfully maintained with very few lapses during 
the following two months. 

On first setting up the station, Lehrke and 
Palmer were surprised to find several feet of only 
moderately packed snow composing the top layer 
on the plateau summit. Several days of heavy 
drift interrupted the installation and wiring of 
instruments, leaving the tent half buried, while 
the snow surface was reduced to a thick and un- 
breakable windpack. The observers dug things 
out, pitched camp on a new site, built a high 
snow wall on three sides at some distance, and 
experienced little further trouble with drift ac- 
cumulation. The snow walls had to be partially 
rebuilt or strengthened at times, following par- 
ticularly strong erosive drift, while it was found 
that the tent could be kept well up on the surface 
by moving it around a little from week to week 
in the open enclosure. 

Lehrke and Palmer recorded that condensation 
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(Left to right) R. Palmer and L. Lehrke abandoning the Plateau Weather Station and 
starting for East Base with man-hauling sledge. 


Looking north. January 1, 1941. 


on the inside of their tent was the major incon- 
venience affecting the daily routine on the pla- 


teau. The moisture nuisance was far greater 
than that normally experienced by trail parties, 
since they were spending most of their time inside 
the outpost tent, whereas trail tents are sub- 
jected to less respiration and cooking or heating 
vapor products. It was their opinion that a 
removable inner tent lining would allow ice crys- 
tals to be brushed or shaken off outside, and 
should be provided for any similar station in the 
future. As another result of their experience, 
Lehrke and Palmer suggested that some light 
type of damp-proof, insulated tent flooring would 
have been a great convenience. Snow walls, 
inner tent lining, and insulated tent flooring 
should all result in reduced fuel consumption and 
added comfort. 

The Plateau Weather Station was outfitted 
with instruments furnishing continuous auto- 
graphic records of pressure, temperature, wind 
direction, and wind movement. There were a 
mercurial barometer, the customary thermom- 
eters, and the equipment for pilot-balloon runs 
including two cylinders of hydrogen. Standard 
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6-hourly observations were recorded on the same 
schedule as that in effect at East Base. A snow- 
stick was maintained on an unobstructed sur- 
face where snow accretion and ablation were 
measured. The barometer and the recording 
instruments, including the remote recording ther- 
mograph, were kept in a snow cave to avoid the 
temperature fluctuations and condensation icing 
found in the tent dwelling. This expedient 
solved the temperature and icing problem, but 
there were some instrumental failures which 
might have been detected sooner if the weather 
office could have been in the living quarters. 
The latter aspect needs further consideration 
before another outpost is sent into the field. 
An unnoticed leakage of hydrogen reduced to 
25 the total of pilot-balloon runs obtained, but 
this was no small accomplishment in view of the 
difficulties surmounted. These data were espe- 


cially valuable when the plateau station was 
above low clouds covering East Base. 

Coded weather reports, together with any 
special data pertinent to the general weather 
situation, were transmitted regularly to the 
base station on the twice-daily radio schedules. 


Fic, 4. 


January 1, 1941. 


On Northeast Glacier, the sledging highway to the plateau summit. 
Lehrke meet Musselman and Dolleman after abandonment of Plateau Weather Station. 
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These reports, after recoding, were included in 
the regular East Base radio transmissions to 
South American collective agencies. Problems 
connected with the observational routine or 
instrument maintenance were discussed and fre- 
quently solved through the use of radio telephone. 
It may be said that without the excellent com- 
munication available through the use of light- 
weight radio equipment, the maintenance of the 
Plateau Station would not have been considered 
worth while. 

Lehrke and Palmer were kept on almost con- 
tinuous call for special weather reports at times 
in December when the field survey parties were 
in favorable position to support the major ex- 
ploratory flights. It was immensely valuable to 
have an instantaneous bird’s-eye view of weather 
conditions more than 100 miles eastward over 
the Weddell Sea or westward over Bellingshausen 
Sea, likewise north and south when visibility was 
good. Such information, in conjunction with 
reports from sledge parties, made a fine fore- 
casting combination. 

After the major geographical flights were com- 
pleted, Lehrke and Palmer abandoned the Pla- 
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(Left to right) Palmer and 
Looking north, 












teau Weather Station early on New Year’s Day, 
1941. They loaded about 400 pounds of instru- 
mental equipment and spare camping gear on a 
small toboggan, leaving their tent pitched and 
the weather tower standing with a tall bamboo 
lashed in the top of it. Already deeply buried in 
snow, the base of the tower was further weighted 
down with a heavy hydrogen cylinder. <A small 
amount of miscellaneous provisions was left in 
the instrument cave and in the tent. 

The two haulers, slowed by frequent upsets of 
their cumbersome load, covered 6 miles in as 
many hours down the glacier route to East Base. 
By prearrangement, a light-travelling dog-team 
met the weathermen on the lower glacier slopes 
and escorted them home to camp in time for the 
holiday dinner, a fitting climax to 73 days in the 
field and a good job well done. 
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APPENDIX 


PLATEAU WEATHER 


A rough break-down of general weather conditions 
experienced at the Plateau Weather Station should 
be of interest. In the period observed, bad weather 
on the plateau—as characterized by poor or only 
fair visibility—prevailed 54 per cent of the time. 
There was 46 per cent of fair weather, characterized 
by good or excellent visibility. Of the bad weather, 
48 per cent was due to storms of drifting snow, 
34 per cent to fog and low stratus clouds, and 18 
per cent may be attributed to falling snow. Of the 
fair weather, 42 per cent came with overcast or 
cloudy skies, 33 per cent was under partly cloudy 
conditions, and 25 per cent was found to be clear. 
The tabulation of 6-hourly visual observations should 
be inspected when more detailed information is 
desired. 


PLATEAU WINDS 


The hourly values of wind direction and travel 
furnish a complete picture of the surface-wind flow 
pattern over the plateau. A brief and approximate 
summary follows. The prevailing wind direction 
was NE., constituting 33 per cent. This was nearly 
twice the number of times any other direction was 
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observed. The others were: 18 per cent E., 16 per 
cent NW., 12 per cent N., 5 per cent SE., 5 per cent 
SW., 4 per cent W., and 3 per cent S. Of calms, 
4 per cent was recorded. Winds of gale force or 
higher were experienced at 46 per cent of the obser- 
vations, and there was 2 per cent of hurricane winds. 
Of the high winds, 86 per cent came from NE. and 
E., with 10 per cent from SE., 4 per cent from N., 
and no observations of gales from any other direc- 
tion. After the dry and powdery snowfalls on the 
plateau, poor surface visibility due to drifting snow 
was found with wind velocities as low as 15 miles 
per hour. At East Base during the same period 
there was 2 per cent of gales from SE. 


PLATEAU PRESSURE 


The minimum barometric pressure observed was 
23.20”, while the maximum was 1.01” higher. 
During the same period at East Base, the minimum 
pressure was 28.59’’, and the maximum was 1.15” 
higher. This shows the normal case of more intense 
pressure oscillations at low levels as compared with 
pressures aloft. A preliminary determination of the 
elevation at the Plateau Station, based on selected 
cases of light westerly winds for both stations at 
the time of observation, gave a value of 5,370 feet 
above sea-level. 

A brief inspection of plateau pressure data shows 
a normal incidence of bad weather with the ap- 
proach of major cyclonic systems, while the really 
fine weather is found in the central area of anti- 
cyclones. 

While a two-months’ record is inadequate to de- 
termine diurnal pressure waves, or to investigate 
any potential periodicities in the weather pattern, 
certain trends are apparent. In November, when 
periods of settled weather were slightly more fre- 
quent than stormy conditions, there was a definite 
tendency to a minimum pressure near 1100 and a 
maximum near 2200. December was more uncer- 
tain, and unsettled weather was experienced more 
often than fair. The obvious minimum pressure is 
observed at about 0100, and the maximum near 
1600, but inflexions are suggested at 0600 and 1700. 
If the December curve is masked by storminess, 
should the diurnal wave have advanced 5 hours in 
December? 

Speculation is futile, but comparisons of East Base 
values with the near-by values obtained by Charcot 
and Rymill, and with mountain stations in the south- 
ern Andes, may afford a field for future investigation. 

Theory has it that the relatively symmetrical dis- 
tribution of the Antarctic land masses, with respect 
to the Subantarctic ocean areas, is favorable for the 
propagation and maintenance of an orderly pro- 
cession of travelling cyclones in the zonal westerlies. 
The Plateau and East Base pressure data should be 
inspected for periodicities suggested by the above 
and other ideas relevant to the circumpolar atmos- 
pheric circulation of the Southern Hemisphere. 
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The Palmer Peninsula Plateau is the outstanding 
Antarctic land barrier to zonal westerlies around the 
Antarctic Circle, and at varying seasons—as well as 
in different years, according to ice conditions—the 
Bellingshausen and the Weddell Seas might be the 
“graveyard” of dying cyclones in the Southern 
Hemisphere, the Ross Sea likewise on more special 
occasions. The synoptic network of ship-and-shore 
stations, relatively good at some times during the 
Antarctic summer 1940-41, should serve to clarify 
the problem, if ample time for investigation were 
available. 


PLATEAU TEMPERATURE 


The minimum temperature at the Plateau Station 
was —4°F., while the maximum temperature was 
27°F. At East Base, 7° F. and 43° F. were the 
respective minimum and maximum temperatures, 
during the same period. 

The tabulation of hourly temperature values re- 
veals the unquestionable influence of the diurnal 
variation in insulation and radiation. The minimum 
in both months coincides with the maximum radia- 
tional cooling, which is about 0100 in November and 
near 1200 in December. Similarly the maximum 
may be associated with or lagging slightly behind the 
time of maximum solar heating in early afternoon. 

The discussion of daily maximum and minimum, 
as well as daily range in temperature, must have a 
background of wind condition, sky cover, and type 
of air involved. The extreme minimum of —4° F. 
early in November was observed under the condi- 
tions one would expect: relatively calm, clear weather 
shortly after the arrival of continental polar air. 
The extreme daily range of 28° F. was produced 
with a maximum of 24° F. near noon the same day 
when the station was blanketed by thin stratus while 
the sun sailed in a clear sky aloft. The extreme 
maximum of 27° F. came late in November when a 
clear and nearly calm sunny afternoon followed a 
morning of thin fog after several days’ return flow 
of modified continental polar air having some mari- 
time polar characteristics. In general it may be 
said that the blanketing effect of low stratus, com- 
bined with solar heating above, made an important 
contribution to most of the high maximum tempera- 
tures in November and December, but an extreme 
maximum would not be found in any continental 
polar air of recent origin. However, the intense 
local heating of dark objects around camp during 
clear, calm conditions in modified continental polar 
air was responsible for both the November and the 
December maximums. 

There was another type of minimum temperature 
regime which is interestingly in contrast to the 
normal case of clear, calm, night-time conditions in 
continental polar air of recent origin. This was 


responsible for the December low as well as for a 
majority of the December minimums and some of a 
similar nature in November. 


It may be explained 
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thus: air undergoing forced ascent is cooled, if there 
is no great compression involved, though condensa- 
tion and precipitation processes liberate some heat. 
Such a condition, imposed by the topography of 
Palmer Peninsula on westward-flowing air having 
modified continental polar characteristics, produced 
a number of low minimum temperatures during 
periods of strong and gale northeasterly and easterly 
winds at the Plateau Station. There was a lot of 
this weather in December, and it was a rather bleak 
month for Palmer and Lehrke. 






PLATEAU WEATHER OBSERVED BY 
TRAIL PARTIES 


Reference has already been made to the co- 
operation given by trail parties in collecting mete- 
orological data. These parties, earlier in the field 
and sometimes far south of the Plateau Station, 
recorded minimum temperatures far below those 
observed by Lehrke and Palmer. The weather ex- 
tremes experienced by trail parties on the Palmer 
Peninsula Plateau are as follows. The Southeastern 
Party at lat. 70° 35’S., long. 64° 55’ W., altitude 
6,100 feet, recorded a minimum temperature of 
—24° F. during clear and calm conditions late in 
November, 1940. Early in October, the Weddell 
Coast Scouting Party—while at 2,000 feet in a valley 
on the east side of the peninsula near 68° S.—was 
held in camp a week by NW. gales and drift pouring 
down from the plateau. During the Plateau Trip 
early in August, zero temperatures with Beaufort 
force 6~-12 easterlies, and —12° F. with force 6 wind, 
provided some discomforts. 


PLATEAU SNOW COVER 


The snow-stick observations at East Base indi- 
cated that the maximum snow cover was attained 
loeally in early spring, before solar heating on the 
mountainsides and the advent of warmer air masses 
could cause thaw to race ahead of snowfall. 

It appears that Lehrke and Palmer set up their 
plateau camp at the time of maximum snow accre- 
tion to the plateau surfaces late in October. The 
snow-stick was exposed in the nearest site consid- 
ered relatively free from a camp-imposed drift pat- 
tern. They did not consider it wise to attempt 
6-hourly readings on more than one stick, close at 
hand, throughout all kinds of storm and heavy, 
blinding, drift conditions. 

The fine set of observations recorded is ample 
testimony to their persistence in the face of much 
rough weather which must have been more than 
dangerous at times. 

When the routine collection of data was inaugu- 
rated on November 1, drift storms had already 
ground off 6 inches on the ablation side of the record. 
The tabulated snow data take November 1 as the 
zero point and go on from there. There was little 
change the first 11 days, but after that the drift cut 














deeper and deeper. Light snowfalls brought tem- 
porary increases, but as likely as not the next easterly 
storm would fully offset them. 

Most of the snowfall was orographic, with light 
to moderate westerly and northwesterly winds. 
Undoubtedly there was plenty of similar precipita- 
tion with easterly winds, probably some due to 
overrunning too, but most of this just went right on 
by with the gale and down to Marguerite Bay. 

There was some drift accumulation several times 
with northeasterly winds, due to the camp influence, 
but the easterly hurricanes eventually disposed of 
that. Mid-December brought the nearest approach 
to the November 1 starting-point when a succession 
of light snows produced a total of 6 inches and 
subsequent northeasterly drift added another inch. 
The stick was minus 2} inches at this stage, but a 
day later it was the lowest yet at minus 10} inches. 
This was the final score, though it struck a figurative 
rock bottom of negative 10? inches a few days before 
Christmas. 

The eventual study of East Base snow-stick and 
precipitation data, the most complete record yet 
obtained around Palmer Land, will attempt to tie 
in the plateau observations with the whole local 
picture. Until then the plateau record gives a 
unique idea of the peninsular warfare between accre- 
tion and ablation over a mile up in the sky. 


PLATEAU UPPER WINDS 


In considering the pilot-balloon data obtained at 
the Plateau Weather Station, one can have nothing 
but high regard for the effort put forth by Palmer 
and Lehrke to get this valuable information. The 
excellent work of Healy’s transportation group, in 
successfully placing much heavy observational equip- 
ment—including two cylinders of hydrogen—on top 
of the plateau, has already been given due credit. 
However, it is well to remember that the plateau 
observers were pioneering in the field of operating a 
high-level weather station in Antarctica and in many 
cases were faced with problems that could wreck 
their whole program unless satisfactory solutions 
were made on the spot. There is no doubt that 
Palmer and Lehrke made a team replete with re- 
sourcefulness and determination, and the recorded 
pilot-balloon ascents—no less than the other obser- 
vations—substantiate this fact. 

A characteristic of polar coasts adjacent to areas 
of open water or leads in icefields is that onshore 
winds ultimately bring a low stratus or strato- 
cumulus cloud deck in periods of fine weather when 
middle and upper-clouds are almost entirely absent. 
The Marguerite Bay area is no exception to this 
phenomenon, and therein lay one of the strong argu- 
ments in favor of including upper-air observations 
in the preliminary plans for the Plateau Weather 
Station. The test of time and experience showed 
that many records of the winds aloft, otherwise 
unattainable, may be credited to the Plateau Station 
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at times when they had fine weather with a broken 
or complete low overcast below. These cases may 
be noted by a glance at the cloud column of the 
tabulated pilot-balloon data. When two- to four- 
tenths stratocumulus was recorded below the station, 
not much worth while in the way of upper-wind ob- 
servations could be obtained from the East Base. 
The prime value of the plateau observations, at such 
and all times, to the East Base aviation operations 
has previously been noted. 

Notwithstanding the absence of supporting radio- 
sonde data, deductions regarding the behavior of the 
tropopause and movements of air in the troposphere 
and stratosphere can be made from the combined 
plateau and East Base pilot-balloon ascents. The 
plateau upper-wind observations lend themselves to 
a variety of other interesting investigations. The 
station was at a sufficiently central location on the 
Palmer Peninsula Plateau to be relatively free from 
the influence of the inevitable up-and-down drafts, 
especially associated with strong wind conditions, 
found at the steep east and west plateau scarps. 
As a rule, drifting snow made it impossible to study 
the flow pattern over the plateau at high wind veloci- 
ties. One such ascent is available and others could 
have been obtained with a more adequate hydrogen 
supply. Every ascent from the plateau and East 
Base shows topographic influences in the lower levels, 
but each curious variation finds a place in the broad 
features of the large-scale cyclonic and anti-cyclonic 
wind systems dominating the local area. 

The original supply of balloons and hydrogen was 
calculated to allow for 50 ascents. Even this repre- 
sented a burdensome addition to an already heavily 
laden sledging outfit. As it stood, it probably would 
have been adequate for a really fine record, but an 
unfortunate and unnoticed hydrogen leakage—un- 
noticed because it was taking place when a long spell 
of drift afforded no occasion for periodic visits to the 
hydrogen storage space—brought an end to the pla- 
teau wind-aloft observations before mid-December. 
This was utterly annoying to all hands concerned 
during several periods of fine weather later in De- 
cember, but operational strategy vetoed a hydrogen- 
depot flight, so the incident remained to mar a near- 
spotless achievement. 

In conclusion, it must be said that few, if any of 
us, would question the value of the Plateau Weather 
Station. The statement, that this work of Lehrke 
and Palmer filled an important place in the entire 
East Base program, should bear repetition. In view 
of this experience, it seems certain that future expe- 
ditions or permanent settlements planning wide- 
spread aviation activities must seriously consider 
the advantages inherent in the establishment of a 
local high-level weather station. Additional mete- 
orological outposts should be placed well out in the 
field of operations, at high or low altitudes according 
to the dictates of feasible access and weather- 
forecasting value. 
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:30 
:30 
230 
:30 
730 
:30 
:30 
:30 
730 
230 
730 
:30 
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19:30 
1:30 
7:30 | 

13:30 

19:30 | 


PLATEAU WEATHER STATION, 6-HOURLY OBSERVATIONS 


H. G. 


DORSEY, JR. 


TABLE 1 


. 


WEATHER, CLoupbs, VistBILiry, SNow ACCRETION OR ABLATION 


WEATHER 


Lt. snow, foggy 
Overcast 
Overcast 

Broken clouds 

Overcast with breaks 
Overcast with breaks 
Lt. snow 

Lt. snow, foggy 

Overcast, foggy 

Overcast, foggy 

Clear 
Overcast with breaks 
Overcast, foggy 
Clear 
Clear 
Broken clouds 
Overcast with breaks 
Lt. snow, foggy 
Foggy 
Overcast 
Lt. snow, foggy 
Foggy 
L2 snow, foggy 
Foggy 
Overcast with breaks 
Foggy 
Broken clouds 
Partly cloudy 
Overcast with breaks 
Drifting snow 
Drifting snow 
Overcast 
Lt. snow, overcast 
Clear 
Foggy 
Clear, drifting fog banks 
Lt. snow, foggy 
Lt. snow, foggy 
Partly cloudy 
Partly cloudy 
Cloudy 
Cloudy 
Cloudy 
Cloudy 
Partly cloudy 
Partly cloudy 
Scattered clouds 
Clear 
Clear 
Drifting snow 
Partly cloudy 
Cloudy 
Partly cloudy 
Drifting snow 
Drifting snow 
Overcast 
Lt. snow, foggy 
Partly cloudy 
Clear 
Scattered clouds 


| (Miles) 
VisI- 
BILITY 


(Tenths, feet above sea-level, direction from) 
CLOUDS 


In stratus } 
10 As, Ac, 9,000’, NW; T St, Sc, 4,500’ | Unl. 
10 St, Se, 7,000’, NW pa 
9 Ac, 9,000’, NW, slow Unl. 
10— Ac, 9,000’, unk. Unl. 
10— Ac, 9,000’, unk. 
10 St, 5,500’, N, slow 
In stratus 
In thin stratus 
In thin stratus 
T Ac, unk.; T St, Sc, 5,500’, NW 
10— Ac, 9,000’, WNW, slow 
In thin stratus 
T St, Sc, 500’ 
T Ci, distant W; 2 St, Sc, 2,000’ 
9 Cs, 18,000’, unk. 
10— Ac, As, unk. 
In stratus, position sun visible 
In stratus 
10 St, Sc, 7,000’, unk. 
In stratus 
In stratus 
In stratus 
In thin stratus 
10— Ac, 10,000’, unk. 
In stratus 
9 Ac, As, 10,000’, unk; T FrCu 
Ac, 12,000’, NW; 3 Sc, 5,000’, NW 
10— Ac, As, unk. 
Sky obscured 
Sky obscured 
In thin stratus 
4 Ac, 10,000’, unk.; in 6 thin stratus 
T Ac, 15,000’, unk.; 4 Sc, 5,000’ 
In stratus 
T Ac, 10,000’, unk.; 4 Sc, 5,000’, NW 
In stratus 
In stratus 
5 Sc, 5,500’, NW; 2 Sc, 1,500’ 
2 Ac, 13,000’, NW; 2 Sc, 4,500’, N 
6 Ac, 12,000’, NW 
6 Cs, unk.; 3 Ac, 10,000’, NW 
1 Cs, unk.; 8 Ac, 10,000’, NW 
7 Cs, unk.; 2 As, 14,000’ 
4 Cs, unk. 
5 Cs, 20,000’, unk. 
1 Ci; T Ac 
T Ci; T Ac 
T Ac 
Sky obscured 
4 Sc, 6,000’, NW 
1 Ac, unk.; 8 Sc, 6,000’, NW 
5 Cs, unk.; 1 Se, 4,000’ 
Sky obscured 
Sky obscured 
10 Sc, 6,000’, NW 
In stratus 
1 Ci, 1 Ac, 12,000’; 7 Sc, 5,000’, N 
T Ci, T Ac, 14,000’, NW; 4 Sc, 5,000’ 
1 Ci, 20,000’, unk.; 2 Sc, 5,000’ 
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AN ANTARCTIC MOUNTAIN WEATHER STATION 


1940 | 75th 
MER. WEATHER 
Nov. | TIME 


Partly cloudy 
Clear 
Cloudy, low drift 
Drifting snow 
Drifting snow 
Drifting snow 
Drifting snow 
Cloudy 
Drifting snow 
Drifting snow 
Overcast 
Overcast 
Cloudy 
Foggy 
Overcast 
Drifting snow 
Drifting snow 
Drifting snow 
Overcast 
Cloudy 
Lt. snow, foggy 
Occl. It. snow, cloudy 
Cloudy 
Clear 
Cloudy 
Cloudy 
Scattered clouds 
Lt. snow, foggy 
Lt. snow, foggy 
Lt. snow, foggy 
Lt. snow, foggy 
Lt. snow, foggy 
Lt. snow, foggy 
Lt. snow, foggy 
Clear, drifting fog banks 
Clear 
Clear 
Clear 
Clear 
Foggy 
Foggy 
Lt. snow, foggy 
Lt. snow, foggy 
Drifting snow, foggy 
Foggy 
Foggy 
Foggy 
Lt. snow, foggy 
Lt. snow, foggy 
Lt. snow, foggy 
Foggy 
Cloudy 
Foggy 
Foggy 
Clear 
Clear 
Clear 
Drifting fog banks 
Drifting fog banks 
Lt. snow, foggy 
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TABLE 1—Continued 





(Tenths, feet above sea-level, direction from) 
“LOUDS 


1 Ci, 1 Ac, 14,000’, unk.; 1 Sc, 5,000’ 
T Ci, unk. 
5 Cs, 1 Ac, As, 14,000’, W; T Sc, 5,000’ 
Sky obscured 
Sky obscured 
Sky obscured 
Sky obscured 
6 Ac, 10,000’, N; 2 Sc, 6,000’, N 
Sky obscured 
Sky obscured 
10 St, 5,500’, N 
3 Ac, 9,000’, NW; 7 Sc, 6,000’, NW 
1 Ci, 6 Ac, 12,000’, W; 2 Sc, 5,000’ 
In stratus 
10 Ac, As, 10,000’, unk. 
Sky obscured 
Sky obscured 
Sky obscured 


2 Ac, 10,000’, unk.; 8 St, Sc, 6,000’, unk. 


8 As, 10,000’, unk.; 2 St, 3,500’ 


In stratus 


8 Ac, As, 12,000’, unk.; 2 Sc, 5,000’, NW 


9 Sc, 6,000’, N 
T Ac, 15,000’, unk.; T Sc, 6,000’, unk. 
9 Ac, As, 10,000’, unk. 
9 Ac, As, 11,000’, W 
1 Ac, 12,000’, unk.; 1 Sc, 5,500’ 
In stratus 
In stratus 
In stratus 
In stratus 
In stratus 
In stratus 
In stratus 
5 St, Sc, 5,000’ 
T Ac, unk.; 4 Sc, 5,000’ 
T Ci, T Ac, unk.; 2 Se, 2,500’ 
T Ac, unk.; 2 Sc, 500’ 
T Ac, unk.; 4 Se, St, 2,500’ 
In stratus 
In stratus 
In stratus 
In stratus 
In stratus 
In stratus 
In stratus 
In stratus 
In stratus 
In stratus 
In stratus 
In stratus 
8 Ac, As, 12,000’, unk.; 3 Sc, 3,500’ 
In stratus 
In stratus 
4 Sc, 1,500’ 
T Ac, unk.; 4 Sc, 1,500’ 
T Ac, unk.; 4 Sc, 1,500’ 
10— St, Sc, 5,000’; sun occ’y vis. 
10— St, Sc, 5,000’; sun occ’y vis. 








| (Reter- 
(Miles) | 
Visi- 


BILITY 


Unl. 


Unl. 
Unl. 
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H. G. DORSEY, JR. 


TABLE 1—Continued 


WEATHER STATION, 6-HOURLY OBSERVATIONS 


WEATHER, CLoups, VisispiLity, SNow ACCRETION OR ABLATION 


1940 
WEATHER 
Dee 


Foggy 
Foggy 
Partly cloudy 
Drifting snow 
Drifting snow 
Drifting snow 
Overcast 
Drifting snow 
Foggy 
Lt. snow, foggy 
Overcast 
Cloudy, low drift 
Drifting snow 
Partly cloudy 
Scattered clouds 
Overcast with breaks 
Foggy 
Foggy 
Lt. snow, foggy 
Lt. snow, foggy 
Foggy 
Foggy 
Overcast 
Drifting snow 
Drifting snow 
Lt. snow, foggy 
Cloudy 
Scattered clouds 
Lt. snow, foggy 
Foggy 
Drifting snow 
Drifting snow 
Drifting snow 
Foggy, low drift 
Drifting snow 
Drifting snow 
Drifting snow 
Drifting snow 
Drifting snow 
Cloudy 
Lt. snow, foggy 
Lt. snow, foggy 
Lt. snow, foggy 
Occl. It. snow, foggy 
Scattered clouds 
Clear 
Scattered clouds 
Cloudy 
t. snow, foggy 
t. snow, foggy 
Lt. snow, foggy 
.t. snow, foggy 
t. snow, foggy 
Drifting snow 
Foggy, low drift 
Foggy, low drift 
Foggy, low drift 
Drifting snow 
Drifting snow 
Drifting snow 








(Tenths, feet above sea-level, direction from) 


CLOUDS 


In stratus 
In stratus 
3 Ci, 20,000’, N fast; T Ac, unk. 
Sky obscured 
Sky obscured 
Sky obscured 
2 Ac, 10,000’, N; 8 Sc, 5,000’ 
2 Ac, 10,000’, NE 
In stratus 
In stratus 
8 Ac, 9,000’, NE; 2 Sc, 5,000’ 
8 Ac, unk. 
5 Ac, 10,000’, unk. 
4 Ac, 12,000’, unk. 

1 Ac, 14,000’, unk.; T Sc, 5,000’ 
10— Ac, As, 10,000’, N; 4 Sc, 500’ 
In stratus 
In stratus 
In stratus 
In stratus 
In stratus 
In stratus 
1 Ac, 12,000’, unk.; 9 St, 6,000’, N 
Sky obscured 
Sky obscured 
In stratus 
8 Ac, 10,000’, unk.; T Sc, 5,000’ 
1 Ac, 12,000’, unk.; 1 Se, 5,500’, NW 
In stratus 
In stratus 
Sky obscured 
Sky obscured 
Sky obscured 
In stratus 
Sky obscured 
Sky obscured 
Sky obscured 
Sky obscured 
Sky obscured 
5 Ac, 14,000’, unk.; 3 Sc, 5,000’ 
In stratus 
In stratus 
In stratus 
In stratus 
T Ci, unk.; 1 Sc, 5,000’ 

T Ci, unk.; T St, 500’ 

1 Ci, 18,000’, WNW;; 1 St, 500’, NW 
4 Ci, 18,000’, WNW; 2 Ac, 10,000’, W; 4 Sc, 3,000’, NW 
In stratus 
In stratus 
In stratus 
In stratus 
In stratus 
Sky obscured 
In stratus 
In stratus 
In stratus 
Sky obscured 
Sky obscured 
Sky obscured 
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1940 


Dec. 


16 | 


| 13:30 | 


| 13:30 | 


| 19:30 | 


| 13:30 | 





| 19:30 


| 13:30 
19:30 } 


AN ANTARCTIC MOUNTAIN WEATHER STATION 


TABLE 1—Continued 





75th 
MER. WEATHER 
TIME 





(Tenths, feet above sea-level, direction from) 
CLouDS 





1:30 Overcast 
7:30 | Drifting snow 
13:30 Drifting snow 
19:30 | Drifting snow 
1:30 | Drifting snow 
7:30 | Drifting snow 
Broken clouds, high drift 
Broken clouds, high drift 
Overcast, low drift 
Drifting snow 
Foggy, low drift 
Foggy, low drift 
Drifting snow 
Foggy, low drift 
Overcast with breaks 
Scattered clouds 
Clear 
Scattered clouds 
Partly cloudy 
19:30 Partly cloudy 
1:30 | Scattered clouds 
7:30 Clear 
13:30 | Scattered clouds 
19:30 | Scattered clouds 
1:30 | Scattered clouds 
7:30 Drifting snow 
13:30 | Drifting snow 
Drifting snow 
1:30 | Foggy, low drift 
7:30 Foggy 
Foggy 
Overcast 
1:30 Overcast with breaks 
7:30 Overcast 
3:30 Overcast 
:30 Foggy 
:30 Cloudy 
:30 Foggy 
:30 | Lt. snow, foggy 
:30 | Drifting snow 
230 | Drifting snow 
:30 Drifting snow 
Drifting snow 
Foggy, low drift 
Overcast with breaks 
Overcast 
Overcast with breaks 
Scattered clouds 
Clear 
Foggy, low drift 
Foggy, low drift 
Overcast 
Foggy, low drift 
Overcast 
Overcast 
Scattered clouds 
Cloudy 
Scattered clouds 
Clear 
Clear 
Clear 
Clear 
Clear 


Clear 


19:30 
1:30 | 
7:30 | 


19:30 
1:30 | 
7:30 | 

13:30 | 


1:30 
7:30 | 








10 Ac, As, 12,000’, unk. 
Sky obscured 
Sky obscured, sun occ’y vis. 
Sky obscured, pos. sun occ’y vis. 
Sky obscured 
Sky obscured 
Broken Ac, As vis. through drift 
Broken Ac, As vis. through drift 
T Ci, unk.; 10— Ac, As, unk. 
Sky obscured 
In stratus, pos. sun occ’y vis. 
In stratus 
Sky obscured 
In stratus 
10- Ac, 12,000’, E; T Sc, 5,000’ 
1 Ac, 12,000’, NE; T Sc, 4,000’ 
T Ac, unk.; T Sc, 3,000’ 
1 Ac, unk. 

4 Ci, 20,000’, unk.; 4 Sc, 4,500’ 
3 Ci, unk.; T Ac, unk.; 4 Sc, 4,500’ 
T Ci, unk.; 1 Ac, unk.; 4 Sc, 4,500’ 

T Ac, unk.; 4 Sc, 4,500’ 
1 Ac, 12,000’, unk.; 4 Sc, 4,500’ 
1 Ac, unk.; 4 Sc, 4,000’ 
1 Ac, 12,000’, unk.; 4 Sc, 3,000’ 
Sky obscured 
Sky obscured 
Sky obscured 
In stratus 
In stratus 
In stratus 
3 Ac, 12,000’, unk.; 7 Sc, 5,500’, NE 
10— St, Sc, 8,000’, unk. 
10 St, 8,000’, unk. 
10 St, 8,000’, unk. 
In stratus 
8 Ac, 8,000’, unk. 
In stratus 
In stratus 
Sky obscured 
Sky obscured 
Sky obscured 
Sky obscured 
In stratus 
10— Sc, 8,000’, unk. 
10 St, Sc, 7,000’, unk. 

10— Sc, 8,000’, unk.; T Sc, 5,000’ 
1 Ac, 9,000’, E; 1 Sc, 4,500’, unk. 
T Ac, unk.; 2 Sc, 4,500’, NW 
In stratus 
In stratus 
2 Ac, unk.; 8 Sc, St, 5,500’ SE 
In stratus 
10 Sc, 7,000’, SW 
10 Sc, 7,000’, SW 
2 Ac, 11,000’, unk. 

7 Ac, 10,000’, unk. 

1 Ac, unk. 

T FrCu, 5,000’, sta. 

T Ac, unk.; T Sc, 5,000’, sta. 

, T Ac, unk. 
T Ac, unk. 
T Ac, unk.; 3 Se, 4,500’, W 
T Ci, unk.; 4 Sc, 4,000’, sta. 
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AvG. is the total number of miles of wind divided by the total number of hours for that direction for the month 
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RESULTS OF AURORAL OBSERVATIONS AT WEST BASE, ANTARCTICA, 
APRIL TO SEPTEMBER, 1940 


Lieutenant MURRAY A. WIENER, U. S.A. A. F. 


Auroral Observer, U. S. Antarctic Service 


CONTENTS 
Introduction. . eS 
Brief history of auroral observations made by previous 
expeditions to Antarctic regions. . itty Oe 
The observatory . we 
Procedure adopted and classification of auroras... .. 366 
Che winter-night trip to establish a field observatory. 367 
Preparation 367 
Navigation. . 369 
Erecting the camp. 370 
Method of observations. 371 
Equipment. . 3 
Measuring the baseline 3 


Length of time in the field 


\cknowledgments. . 


w 
sa sss 
Nm NM NM NM he 


ww ¢ 


Appendix. ..... 
Photographic atlas of auroral forms, Aurora Aus- 
tralis. . 


ww 
~I ~J 
wm w 


\urora distribution charts 


INTRODUCTION 


PrioRk to the departure of the United States 
Antarctic Service Expedition from the United 
States in 1939, a program of auroral observations 
while in the field was studied and planned. 
These original plans called for auroral field 
operations from both main bases, one of which 
was to be established in the western quadrant of 
Antarctica in the vicinity of the Bay of Whales, 
and the other in the eastern quadrant in Palmer 
Land. Both bases were to establish and main- 
tain sub-bases to be located approximately 100 
miles from the main base sites for the purpose of 
maintaining and recording meteorological, seis- 
mic, magnetic, and auroral observations. The 
auroral program at one of the main bases would 
include, in addition to continuous observations 
(visual), an attempt to obtain parallactic photo- 
graphs for the determination of heights of 
auroral displays, using as a baseline the approxi- 
mately 100 miles distance between it and its 
established sub-base. 

The Bay of Whales base was ultimately 
established at latitude 78° 28’ S., longitude 
164° 55’ W., not far from the site of Little 
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America, the base of Byrd Antarctic Expeditions 
I and II. This was officially designated Little 
America III, the West Base of the United States 
Antarctic Service Expedition. The Palmer Land 
base was established on the shores of Marguerite 
Bay, some 1,800 miles east of West Base, at 
latitude 68° 12’ S., longitude 67° 03’ W., and was 
officially designated East Base. 

Unfortunately, efforts at East Base to main- 
tain continuous auroral observations had to be 
abandoned, for it was soon discovered that its 
location was too far removed from the Antarctic 
Zone of maximum auroral frequency to permit 
the obtaining of satisfactory results either from 
local observations or in conjunction with the 
observer at West Base. This report will, there- 
fore, concern itself only with that part of the 
auroral program of the U. S. Antarctic Service 
as carried out at West Base. 

It was planned to establish the West Base 
outpost during the fall operating season at a 
point in the Rockefeller Mountains of King 
Edward VII Land, some 100 miles east of the 
Bay of Whales. There the seismograph and the 
magnetograph were to be installed, and the 
entire program of seismic and magnetic observa- 
tions was to be carried on from that point. In 
addition, the West Base auroral observer was to 
spend the entire winter night at the outpost, 
working in conjunction with an observer at the 
main camp in an effort to obtain two-station 
simultaneous auroral photographs for height 
determinations. 

After arrival at West Base preparations for 
the establishment of the outpost continued until 
it became apparent that, because of unforeseen 
circumstances relative to surface conditions and 
motorized transport facilities, its establishment 
would be impossible of accomplishment during 
the fall operating season. All effort to establish 
the outpost was, therefore, abandoned until the 
following spring, and the winter night auroral 
observations were carried on from West Base. 
The height-determination part of the auroral 
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program was not, however, entirely lost, for two 
trips were made during midwinter night to a 
point 15 miles east of West Base for the accom- 
plishment of this purpose. These two trips and 
their results are discussed elsewhere in this paper. 


BRIEF HISTORY OF AURORAL OBSERVATIONS 
MADE BY PREVIOUS EXPEDITIONS 
TO ANTARCTIC REGIONS 


Captain Cook, in 1773, while cruising in the 
eastern sector of the Antarctic Ocean, made the 
first observation of the Aurora Australis. Since 
that time, many explorers in Antarctic regions 
have made similar observations with resultant 
accumulation of data. However, many of the 
data were collected and recorded haphazardly, 
and few of them can be used today for compari- 
son and correlation with more recent data 
gathered by modern scientific methods. 

Nearly all explorers of the eastern sector of 
Antarctica have witnessed and recorded displays 
of aurora, and Cook and Ross both note, in their 
respective narratives, distinct differences in the 
eastern and western sectors in the occurrence 
and frequency of auroras. Data for the eastern 
sector are available in the journals of Cook 
(1773), Balleny (1839), D’Urville (1838-40), 
Wilkes (1839), and Bull and Borchgrevinck 
(1894-95). 

Weddell, traversing the Weddell Sea (western 
sector) in 1823 on his second Antarctic voyage, 
wrote: 


The Aurora Australis which Mr. Forster saw on 
his voyage round the world with Captain Cook in 
the year 1773, I particularly looked for during the 
time the sun was beneath the horizon, which was 
more than six hours, but nothing of the kind was 
observed. As twilight, however, was never out of 
the sky that might be the cause of its not being 
visible. 


De Gerlache, having wintered in 1897-98 at 
about latitude 71° 35’ S., and longitude 89° 10’ 
W., wrote: 


During the winter we saw very few auroras and 
those which we observed were so pale that they were 
distinguished with difficulty. 


Nordenskjéld, in a letter to Bruce (author of 
Polar Exploration), said: ‘‘We never did see any 
display of aurora at all during the time of our 


1 White, F. W. G., and M. Geddes. 
of maximum auroral frequency. 
44: 367-377, 1939. 
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stay in the south, though looking always for 
such.”” Nordenskjéld was in the Palmer Land 
area from February 1902 to November 1903. 
In October 1902 he penetrated to 66° south. 

Charcot, from the western sector of the same 
area, wrote: 


During both my expeditions in 1904 and 1909 we 
had once in 1904 and once in 1909 something re- 
sembling an aurora extremely faint and uncertain if 
they had not been accompanied by magnetic pertur- 
bations. We had glares of pale green which 
might have been attributed to auroras but I really 
do not think they were. The two auroras showed 
themselves in the southeast. 


Bruce, in the vicinity of Coats Land, February 
1903, and in the vicinity of the South Orkney 
Islands, February 1904, reported: 


During two cruises and a wintering of the Scotia 
(Scottish Antarctic Expedition) not a single Aurora 
Australis was seen. 


Shackleton, reporting on his 1914-15 expedi- 
tion while in the Weddell Sea, told of a fine 
aurora, dimmed by a full moon on May 1, 1915, 
at about latitude 75° 23’ S., longitude 42° 14’ W. 
The physicist of the expedition reported that, in 
general, the auroras were few and rather poor. 

Filchner, leader of the Second German Ant- 
arctic Expedition in 1912, who also wintered in 
the Weddell Sea area, reported several auroras. 
The dates were April 18, May 12, and May 20, 
1912; the position was about latitude 72° S 
longitude 40° W. 

The most numerous auroral reports are to be 
found in the auroral logs of the British, Ameri- 
can, and Australian expeditions which have 
wintered on the Antarctic Continent since 1901. 


9» 


THE OBSERVATORY 


The auroral observation shelter at West Base 
was located on top of the science building. Its 
dimensions were 6 by 6 feet, the walls rising 
5 feet 3 inches from the floor. A trapdoor in 
the roof of the shelter provided protection against 
drift during blizzards. The shelter was also used 
by the meteorologist when making balloon runs 
and observations. 

A transit was set up in the center of the 
observatory, and the angles of altitude and 
azimuths of the observed displays were recorded 
from the readings of this instrument when time 
permitted. During periods of great activity, 
however, only visual altitude observations were 
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TABLE 1 


SOURCES OF AURORAI 


EXPEDITION STATION 


Discovery Expedition. Ross Island 
Scott “7 St’ S., 
166° 45’ E. 

‘ape Royds, 
7.) on ah 
166° 12’ E. 

‘ape Evans 
oF ae: o 
166° 24’ E. 

“ape Adare 
71° 18’S., 
170° 09’ E. 

Cape Denison 

467° 00’ S., 
142° 40’ E. 

Queen Mary Land 
66° 20’ S., 
95° 02’ E. 

Macquarie Island 
54° 30’ S.., 
158° 57’ E. 

Little America 
78° 35’ S., 
163° 48’ W, 


Antarctic 
Shackleton 


British 
expedition. 


British (Terra Nova) 


Expedition. Scott 


Antarctic 
Maw son 


Australasian 
Expedition. 


Byrd Antarctic 
Expedition I 


recorded. 


to assist the observer, a two-way telephone 
system extending from the science building to the 


Official U.S. Antarctic Service photo 


Fic. 1. Camera mounted on theodolite. 


April 1, 1902, to 


March 26 to 


Feb. 13, 1912, to 


March to Oct. 1, 


Whenever a recorder was available 


DATA AVAILABLE FOR THE ANTARCTIC CONTINENT 


PERIOD PUBLICATION 


Bernacchi, L. Physical Observa- 
tions of the Discovery Expedition. 
London, 1901 

Mawson, Douglas. Proc. Royal 
Soc. S. Australia 40: 151-212, 
1916 

Wright, C. S. Observations of the 
Aurora. London, 1921 


Sept. 15, 1903 


Oct. 2, 1908 


\pril 23 to 
Sept. 30, 1911 


May 26 to 


July 31, 1911 


Mawson, Douglas. 
the Blizzard, 2 v. 


The Home of 


Oct. 24, 1913 London, 1915 


April 9 to 


Sept. 1912 


May 13, 1912, to 


Nov. 26, 1915 
(not continuous) 
Davies, F. T. Terrestrial 


1929 Magnetism 36: 199-230, 1931 


observatory was used to transmit the observa- 
tions for record. 

A Contax camera, equipped with f. 1.5 lens 
and mounted on top of the transit, was used to 
photograph the displays. 

PROCEDURE ADOPTED AND CLASSIFICATION 

OF AURORAS 


Although a single aurora was observed and 
recorded during a brief period of darkness on 
March 21, 1940, regular auroral night watch was 
not started until April 1. The watch was con- 
tinued throughout the winter night and until 
September 15, 1940, at which time sufficient 
daylight prevailed to discourage further observa- 
tion. 

On April 1 the sky was dark enough for 
observing any occurrence of aurora from 07" to 
14* GMT (7 p.m. to 2 A.M. LMT). On that 
day the observer took the first auroral night 
watch and continued the duty throughout the 
greater part of the winter night. The watch 
started at 06" and ended at 20° GMT (6 P.M. 
to 8 A.M. LMT). 

As the daily total hours of darkness steadily 
increased, it became necessary to add another 
observer to the auroral staff, in order that 
observations might continue while the regular 
observer slept. Fitzsimmons, physicist, offered 
his services for this duty. On occasions when 
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Fitzsimmons was occupied with his own partic- 
ular duties, Dr. Wade generously substituted. 

The auroral displays, dates, and times were all 
recorded in Greenwich Meridian Time (GMT). 
Between April 1, 1940, and September 15, 1940, 
a total of 1,553 individual auroral displays were 
observed and recorded, each being observed for 
the following information: 


A. TIME OF OBSERVATION. 


Greenwich Meridian Time was used for the auroral 
record; 180th West Meridian Time was used for the 
camp day—a 12-hour difference from GMT. 


B. CLASSIFICATION OF AURORAL FORMS. 

The method of classification applied to these 
observations was as close as practicable to that 
recommended by Professor Carl Stérmer in ‘“‘Supple- 
ments to the Photographic Atlas of Auroral Forms,”’ 
published by the International Union of Geodesy 
and Geophysics, 1932. 


1. Homogeneous Arc (HA): quiet are usually 
low in the sky. 

2. Homogeneous Arc with Ray Structure (HA 
with R STR): quiet arc containing ray structure 
within the arc. 

3. Homogeneous Band (HB): rapidly moving, 
with lower border usually irregular and sharp; 
very often containing ray structure. 

4. Ray Are (RA): a homogeneous arc with 
vertical rays; usually displaying much activity 
within the arc. 

5. Ray Band (RB): a band consisting of a 
series of rays; very fast-moving. 

6. Ray (isolated) (R): solitary ray both of 
whose borders are very sharp; may be narrow or 
broad, long or short. 

7. Bundle of Rays (BR): many isolated rays 
grouped together. 

8. Pulsating Ray (PR): rays appearing and 
disappearing rhythmically at the same 
within several seconds. 


place 


9. Diffuse Surface (DS): auroral light in no 
particular form. 

10. Pulsating Arc (PA): same as a pulsating ray, 
only entire arc acting in same manner. 

11. Glow (G): similar to diffuse surface, except 
usually appearing near the horizon and resembling 
early dawn. 

12. Curtain (C): ray-arc with elongated vertical 
rays throughout the arc; also having a slight 
rustle among the rays. 

13. Drapery (D): similar to a curtain, but its 
lower border more luminous. 

14. Corona (C): many rays approaching the 
magnetic zenith from all directions, and seeming 
to converge at this point. 
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15. Flaming Aurora (F): strong waves of auroral 
light moving rapidly in the direction of the mag- 
netic zenith; usually very fast-moving and colored. 

C. INTENSITY. 

The intensity of each display 
recorded visually. Professor 
scale of 0-4 was used: 

0—None 
1—Faint 
2— Moderate 


observed 
Stérmer’s 


was 
proposed 


3—Bright 
4—Brilliant 


This same scale was used by Davies (Byrd Antarctic 
Expedition I) and by many other explorers in north 
and south polar regions. 


D. DIRECTION. 

The direction of each display was noted in the 
records in terms of their true direction: N, NNE, 
NE, ENE, E, etc. 

E. ALTITUDE ANGLE. 

The altitude angle of each display was recorded 
from transit readings whenever time was available 
to do so. In the case of rays, or any other form 
covering a large area of the sky and having one or 
more definite altitude angles, the upper and lower 
limits were recorded. In the case of a ray whose 
direction was north, upper altitude 55°, lower altitude 

a , . : 55 
25°, it was recorded as—Direction, N: Ang. Alt. — 
25 


F. COLor. 

The greater percentage of observed auroras were 
white and recorded under the heading Color as ‘‘W.” 
Yellow, green, purple, and red auroras were occa- 
sionally seen recorded: “Y”’ for yellow; “‘G” for 
green; ‘‘P’’ for purple; and “R”’ for red. If several 
colors were observed in the same display, all were 
recorded. 

G. CLoups. 

The amount of cloud during each observation was 
recorded in tenths of the total area of the sky. 
Therefore, if one-half of the sky was cloudy, the 
observation would read .5; if it were all cloudy, 1.0. 


H. REMARKS. 


The final column in the record was reserved for 
detailed remarks and comments concerning each 
display. 

THE WINTER-NIGHT TRIP TO ESTABLISH A 
FIELD OBSERVATORY 


PREPARATION 


Preparations for the establishment of an 
auroral field base 15 miles due east of West Base 
for the purpose of making simultaneous photo- 
graphs of the aurora for determinations of height 
were started in June 1940. The field party was 
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scheduled to leave West Base on July 1. How- 
ever, unforeseen incidents prevented departure 
until July 10. 

The field party personnel comprised Wiener, 
leader, auroral and photographer; 
Fitzsimmons, navigator and assistant to the ob- 
Dr. Wade, 


senior scientist, remained at West Base as auroral 


observer, 


server; and Ferranto, radio operator. 


Official U.S. Antarctic Service photo 


Fic, 2. Personnel of first winter auroral field camp before 
departure from West Base, Little America III. Left 
to right: Roy G. Fitzsimmons, Navigator and Assistant 
to Auroral Observer; Felix Ferranto, Radio Operator; 
Murray A. Wiener, Leader of party, Auroral Observer, 
and Photographer. 


photographer and observer, and Warner served 
as his recorder. Only one trip was anticipated, 
and it was estimated that it would be necessary 
for the party to remain in the field only 7 to 
10 days. However, difficulties connected with 
operating the camera caused by the extremely 
low temperatures encountered, forced the return 


= 


Official U.S. Antarctic Service photo 


Fic. 3. Tractor crew. 
departure from West Base on first field trip to establish 
auroral field station. 


Passel (left) and Griffith, before 
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of the party to the base without having obtained 
any satisfactory photographs. 

A second party left some two weeks after the 
return of the first party, with only one change in 
personnel— Perkins substituting for Fitzsimmons. 
This party, after spending 9 days in the field 
working in conjunction with Dr. Wade at West 
Base, obtained some 20 sets of simultaneous 
photographs that could be definitely used as 
basic data in computing the height of the dis- 
plays. On return to the United States, these 
photographs and correlative data were submitted 
to Dr. C. W. Gartlein, Department of Physics, 
Cornell University, who had volunteered to 
calculate the height determinations.’ 

Because the venture was to be undertaken 
during the total darkness of winter night, unusual 
precautions to insure the safety of the personnel 
during the course of the journey were taken. It 
was realized that they would be traveling and 
working in temperatures far lower than those 


Official U. S. Antarctic Service photo 
Fic. 4. Army tank crew (left to right: Passel, Asman, 
Griffith) before departure from West Base on second 
trip to auroral winter field station. 


encountered by field parties operating during the 
summer months in polar regions, and that 
hazards, ordinarily avoidable during daylight 
journeys, would be constantly present. Many 
conferences, therefore, were held with the base 
leader, the senior scientist, and other experienced 
West Base personnel, and much of the success 


2A letter from Dr. Gartlein, dated March 15, 1943, 
reports his being unable to proceed with construction of 
the measuring networks necessary to the height measure- 
ments, because of the pressure of other work directly 
associated with the present war effort. No prediction can 
be made at this time as to when the results will be com- 
pleted, but certainly not until sometime after cessation of 
present hostilities. 











of the field party in overcoming these extreme 
conditions and accomplishing its objective is 
attributable to the sound planning and advice of 
these men. 

Although the party of three was scheduled to 
remain in the field for an approximate period of 
only ten days, supplies were prepared and packed 









Official U. S. Antarctic Se?vice photo 





Fic. 5. Dr. Wade at the West Base auroral observatory 
broadcasts instructions to observer at winter field 
station. Note camera mounted on transit. 










sufficient to sustain the men for a period of three 
months. This included three months’ food sup- 
ply per man, which was deemed a sufficient 
over-all safety factor in case any unforeseen 
circumstance prevented return of the men to the 
base within a reasonable period of time. 

Clothing included fur parkas, pants, hats, 
gloves, and mukluks. Each man was issued 
three suits of wool underwear, several pairs of 
wool socks, one pair of heavy wool pants, leather 
mitts with wool inner liners, and a wool scarf. 
In addition, of course, there were the usual ski 
boots and skis. 

Equipment included three Primus stoves and 
one Swedish cooker together with three months’ 
supply of fuel (kerosene), trail tents, fur sleeping- 
bags, candles, matches, flashlights and extra 
batteries, and a complete first-aid medical kit. 
Gear included such necessary items as shovels, 
ice saws, Very pistols and flares, and storm 
lanterns. 

The assembled supplies, equipment, and gear 
were loaded on two large tractor sledges, over- 
flowing to a third sledge on which had been built 
a plywood shelter 8 by 8 by 8 feet. Dogs could 
not be considered as a medium of transportation 
not only because of the extremely heavy load 
but because it would be impossible to work them 
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in the exceedingly low temperatures expected. 
The small International tractor was therefore 
chosen to haul the party to its camp site, and 
Griffith and Passel (from among other volun- 
teers) were selected as drivers. These men were 
to return to West Base immediately after de- 
positing the field party and the load at the 
camp site. 

The tractor was also used to return the field 
party to the base after the first excursion, but, 
because of a breakdown, the light Army tank 
(modified during the winter night to such an 
extent that it could operate successfully on the 
snow surface) was brought into service for the 
second trip made by the party to the field ob- 
servatory. With Asman in charge of the tank 
and Griffith and Passel assisting with driving 
and navigation, it made the two necessary round 
trips efficiently and without untoward incident. 


NAVIGATION 


The navigational problem was _ successfully 
handled in a rather unique manner. There being 
no immediate method available to compensate 
accurately for the effect of the large amount of 
metal in the tractor or tank on the magnetic 
compass, this usual navigational instrument was 
discarded in favor of a visual system of lighted 
candles to be set out in line at regular intervals 
as the party progressed. 

Thirty poles (34 by 34 inch) were cut in 6-foot 
lengths. An ordinary 1-pound coffee tin was 
then fixed in such a manner as to hold within its 
interior a short stub of candle. First, several 
small air holes were made in the top of the can 
to permit the escape of smoke from the lighted 
candle, and to allow the entrance of oxygen for 
combustion. The can was then securely fas- 
tened to the top of the pole. To a nail driven 
through the lower portion of the can, and pro- 
truding about one-half inch into its interior, was 
attached a 2-inch candle stub. The candle, 
although short, was quite thick and had a burn- 
ing life of from 8 to 10 hours. Strips of friction 
tape, pasted over the head of the nail, adequately 
held it in place. 

The center of the cover was cut out and a 
piece of pyralin inserted, providing a window 
33 inches in diameter. To the pole itself there 
were attached several small button reflectors 
and an orange-colored cloth flag. These were 


to aid the returning transportation crews in 
picking up the beacons after the candles had 
burned out. 
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Official U. S. Antarctic Service photo 


Fic. 6 Wiener displaying navigation device used on 


winter night auroral field trips. 


Upon leaving West Base on the first trip, 
Fitzsimmons, navigator for the party, advanced 


several hundred yards ahead and set a compass 


course due east from the base. Two poles were 
then placed one-quarter mile apart and in line 
with each other on the course set, using the 
camp beacon atop the science building as the 


third light needed for this line. The illuminated 


Fic. 7. 


windows of the cans on the poles were faced 
toward the projected trail. 

As the party moved forward, a constant watch 
was kept on the candles in the rear. At the 
moment when loss of the farthest candle light 
seemed imminent, another pole was set up and 
its candle lighted, giving the party once again 
two lights in line by which to navigate. The 
height of the lighted candles above the surface 
was a little over 4 feet, and they could be seen 
for over three-quarters of a mile. 

The temperature was —51° F. at the time of 
departure, with a 6-mile wind from the south, 
and the sky was about 0.6 cloudy. 


ERECTING THE CAMP 


Upon arrival at the determined site, the radio 
was set up. West Base was immediately in- 
formed of the arrival of the party at its destina- 
tion and advised to be on the lookout for the 
returning transportation crew. 

Except for the extreme cold, settingy up camp 
was a relatively simple matter. The plywood 
shelter, or ‘‘caboose’’ as it was termed, was ready 
for immediate occupation, either for work, for 
eating, or for rest, and it was necessary to set up 
only one trail tent as sleeping quarters for two 
men. Ferranto occupied the caboose as sleeping 
quarters, while Wiener and Fitzsimmons shared 
the trail tent—not always too inviting as sleeping 
quarters with temperatures ranging down to 
—72°F. 


Photo by the author 


Che auroral field camp, 15 miles east of West Base, showing trail tent, beacon and caboose. 
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As a protection against wind and as an insula- 
tion aid, a wall of snow blocks was erected about 
the caboose. Although a comparatively small 
job, the temperatures were so low that it took 
almost two full days to accomplish the task of 
sawing the blocks out and placing them in 
position. 

The meteorological instruments were set up 
about 20 yards from the caboose in a sheltered 
wooden box placed on top of a 4-foot bamboo 
pole. The camera was then mounted on the 
transit, the transit was placed in position, and 
all was in readiness to begin observations. The 


Photo by the author 


Fic. 8. Fitzsimmons outside caboose at auroral winter 
field camp. Caboose is surrounded by snow block 
wall for insulation Note star chart in 
foreground. 


purposes. 


observatory site provided a clear view of the 
horizon in all directions. 


METHOD OF OBSERVATIONS 


Radio schedules with West Base were held 
every 6 hours throughout the entire 24 hours of 
each day. However, during periods of auroral 
activity both the field radio and the base radio 
came on the air, and remained on until the 
activity ceased. 

Observations were necessarily hurried in order 
to permit both photographers to line their 
cameras at the same spot in the display and make 
the photograph. Commentaries, instructions, 
and directions were carried on by radio phene 
from West Base to the field station, and by key 
from the field station to West Base. Fitzsim- 
mons, equipped with ear phones connected to the 
receiver, stood by the observer and orally relayed 
to him Dr. Wade’s transmissions from West 
Base. A series of simple signals was devised 
whereby Ferranto, operating the hand-cranked 
transceiver inside the caboose, could be informed 


Photo by the author 


Fic. 9. Wiener observing and photographing aurora 
while Fitzsimmons records and listens for instructions 
from Dr. Wade at West Base over radio phones. 
Temperature at time of photo, —70.0° F. 


of the decisions of the observer and, in turn, 
transmit the decisions and commentaries to 
West Base. 

A display, seeming to have the proper elements 
for photographing for determinations of height, 
would be reported by Dr. Wade to the field 
party. After describing the form and direction 
of the display, he would inquire if it could be 
observed at the field station. If the answer was 
affirmative, the recorder so signaled Ferranto by 
a single knock on the wall of the caboose; a 
negative answer was signalized by two knocks, 
Ferranto relaying the replies by key to West 
Base. On receiving an affirmative answer to 


Photo by the author 


Fic. 10. Ferranto, Radio Operator, operating the hand- 
cranked transmitter at winter auroral field station. 
Primus stove at left was only means of heating. 
Note the accumulation of frost lining the walls of the 
caboose. 
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his query, Dr. Wade would immediately transmit 
instructions by voice to Fitzsimmons for relay 
to the observer, designating the specific part of 
the auroral display at which the camera should 
be aimed, giving stars or groups of stars as 
reference points. When both cameras were 
synchronized as to direction, angle, etc., the 
signal was given and simultaneous exposure of 
film was started. Camera shutters were likewise 
closed at the same instant on signal. The 
average time for the complete procedure was 
from 14 to 2 minutes, and the average time of 
film exposure was 15 seconds. 

Because of the extreme cold, actual working 
periods were reduced to approximately 15 min- 
utes, at the end of which time the observer and 
the recorder were ready to retreat to the relative 
comfort of the caboose for ‘‘thawing out.’”’ The 
brevity of the working periods can be appreciated 
better if the reader bears in mind that outside 
temperatures ranged from —50° to —72°F. 
throughout the entire time the party was in the 


field. 
EQUIPMENT 


The photographic equipment used at the field 
station was a Contax camera, equipped with a 
Zeiss Tessar f. 1.5 lens and using Agfa Superpan 
Press film. At the West Base observatory an 
Exacta camera, equipped with a Zeiss Tessar 
f. 2.5 lens and Agfa Ultraspeed Pan film, was 
used. 

MEASURING 


THE BASELINE 


The measurement of the baseline between 
West Base and the field station was made during 
the following summer by Dr. Wade and Dr. 
Frazier. The work was begun on November 17 
and completed on November 29, 1940. The 
first 12 miles (approximate) were measured by 
the stadia method, and the last 3 miles (approxi- 
mate) were chained. The total distance was 
84,802.5 feet, or 25.8478 kilometers. 


LENGTH OF TIME IN THE FIELD 


The first auroral field party left West Base on 
July 10 and returned to the base on July 18, 
1940. The site of the field station (approxi- 
mately 15 miles from West Base) was reached in 
30 hours. 

The second field party departed from West 
Base on July 30 and returning on August 9, 1940. 
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In closing this paper, it is considered proper 
to mention that this is the first time in the history 
of Antarctic exploration that two-station simul- 
taneous photographs of the Aurora Australis 
have been taken for height-determination pur- 
poses. 


APPENDIX 


The auroral displays here recorded from two 
stations located 6 miles apart, with an elapsed 
11-year interval, are remarkable in their simi- 
larity. It is especially worth noting that the 


TABLE 2 


APPEARANCE OF AURORAL LIGHT ACCORDING TO 
ALTITUDE AND AZIMUTH 


DIRECTION 
ALTITUDE) 


E SE Ss SW 


-| TOTAL 


00°—10° } 57 666 
11°-20°| 1: 86 700 
21°-30° | 66 2 471 
31°—40° | : 54 366 
41°-50° 3. 56 | 315 
51°-60° 42 36 | 226 
61°-70° 35 ‘ 219 
71°-80° | 22 30 220 


| 3183 
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732 454 323 426 517 102 119 510 


TOTAL 


81°-90° (total in all directions): 267 
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TABLE 3 


NUMBER AND INTENSITY OF AURORAL DISPLAYS 
CORDED AT LitTtLE America III, 1940, IN 
COMPARISON WITH THOSE RECORDED 
AT Litt_te America I, 1929 


RE- 


NUMBER PER CENT 


Faint 1,143 73.6 
Moderate 344 22.2 
Bright 65 

Brilliant 


YEAR INTENSITY 


1940 


STATION 


Little America III 


1929 Faint 
Moderate 
Bright 


Brilliant 


Little America I 


TABLE 4 


PER CENT OF EACH TYPE OF AURORAL 
RECORDED AT LitTTLE America III, 
APRIL TO SEPTEMBER 1940 


NUMBER AND 
DISPLAY 


PER CENT 


Homogeneous Arc 275 17.7 
Homogeneous Arc with Ray Structure 41 2.7 
Homogeneous Band 4.6 
Ray Arc 13.5 
Ray Band Z 2.0 
Ray (individual and isolated) 

Bundle of Rays 

Pulsating Ray 

Pulsating Arc 

Diffuse Surface 

Glow 

Curtain 

Drapery 

Corona 

Flaming Aurora 


TYPE NUMBER 


1,553 


percentages of the two intensity scales are, for 
all practical purposes, almost identical. 

The mean sunspot percentage figures for the 
months April-September, the period in which 
aurora was observed on both expeditions, are: 


Mean for April—September, 1940. .73.0 per cent. 
Mean for April-September, 1929. .58.9 per cent. 


The differences in sunspot mean percentage 
might easily account for the greater number of 
displays recorded in 1940. 

It is interesting to note the comparatively 
high percentage of those displays containing 
Ray Structure, such as Individual and Isolated 
Rays, Bundle of Rays, and Ray Arcs. The 
Homogeneous Arc, whose percentage is also 


quite high, very rarely occurred higher than an 
altitude of 20° to 30° from the horizon. As may 
be noted in the distribution charts, these arcs 
almost always extended from north around to 
northeast and beyond, usually fading in the 
southeast. It was unusual for this type of 
display to have its position other than com- 
paratively close to the horizon, and, of course, 
extending parallel to the horizon. 


THE UNITED STATES ANTARCTIC SERVICE 
PHOTOGRAPHIC ATLAS OF AURORAL 
FORMS, AURORA AUSTRALIS 


Photographer: Murray A. Wiener 


Station: West Base, Little America III, 1940. 


Fic. 11. Homogeneous Arc (HA). Usually appearing 
near the horizon, and usually sharp along the lower 
border and diffused along the upper border. This 
form of aurora is about the most quiet and stationary 
of all known forms. The arcs may be single (as in 
the above photograph) or double. 


12. Parallel Arcs (PA). Two distinct Homogeneous 
Arcs, usually similar as to width and length, and often 
merging together to form one large display. In the 
photograph above, the two arcs are just starting to 
come together, forming one huge display. 














Fic. 13. Homogeneous Band (HB). Does not conform 


.. the usual ~~ . — oS more ~— a 4 Fic. 14. Homogeneous Band (HB). The photograph } 
ee 8 - vane Sarees Ne — above illustrates the HB with a ‘“‘hook”’ on its tail. 
times more folds. :\ very active form. Note star Also known as the Hooked Band. An active form, ; 


yaths in picture—the result of a 24-minute exposure. ca +s 
on Se f a 24-minute exposu usually turning into a band containing ray structure. 





Fic. 16. Diffused Ray (DR). A Ray (R) the borders of 


Fic. 15. Ray (Solitary) (R). Usually always appearing which are diffused and not sharp as is the case with 
alone in a definite part of the sky. Sometimes the Solitary Ray (R). The display noted above is 
appearing with many other rays, forming a Bundle of just changing into a Ray Arc (RA). 


Rays (BR). Rays are short as in this picture, or they 
may be long, narrow, or broad. 





Fic. 18. Ray Arc (RA). Lower border usually well 
defined, but not necessarily regular. Its rays in the 





Fic. 17. Diffused Ray Arc (RA). This type of aurora arc are also usually well defined, with the greater 
is usually fast moving, and sometimes colored with part of the activity taking place among the rays. 
green and red. Contains ray structure, and usually The rays may be long or short. An extremely fast- 
forms from a quiet Homogeneous Arc. moving aurora. 
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Fic. 19. Diffuse Surface (DS). Auroral light appearing 
in the sky and having no regular form, sometimes 
appearing more like a cloud than actual aurora. 
Sometimes the entire display is pulsating, appearing 
and disappearing in the same place within a period of 
several seconds. 





Fic. 20. Half Corona (HALF C). Usually the result of 
many rays converging at the magnetic zenith. An 
active and fast-moving form of aurora, with much 
activity among the rays. 


AURORA DISTRIBUTION CHARTS 


With aid and suggestions from Dr. C. W. 
Gartlein, Department of Physics, Cornell Uni- 
versity, the aurora distribution charts were de- 
signed to show at a glance the distribution, 
direction, and altitude of the auroral displays 
recorded between April and September 1940, at 
West Base, Little America III (lat. 78° 29’ S., 
long. 163° 55’ W.). 

These charts represent the apparent direction 
and altitudes of the greatest occurrence of 
recorded aurora displays. They are divided into 
octants, showing the cardinal and intercardinal 
directions; and also into 9 divisions of altitude. 
The latter, marked off by concentric circles, 


represent altitudes from the horizon to 10°, from 
10° to 20°, from 20° to 30°, and so on up to the 
zenith. The center of the charts represents not 
only the zenith but the post of observation as 
well. 

The black spots occurring throughout the 
charts represent the number of times auroral 
light touched specific direction and altitude. 
The size of the spots indicates by comparison, 
the frequency of occurrence of displays in each 
of the divisions, and the numbers alongside the 
spots indicate the exact number of times aurora 
was seen at those positions. 

The following method was used in determining 
the number and size of the black spots: 

Whenever aurora appeared in any of the 
combination divisions of altitude and direction, 
1 point was given to that section. For example, 
if a display appeared in the north octant and 
extended from altitude 04° to altitude 09°, then 
one point would be given to the section shown 
as representing north and altitude 00° (horizon) 
to altitude 10°. For that particular display, 
only that section (altitude and direction com- 
bined) would receive credit for its occurrence. 
In observing an Arc extending from north 12° 
through northeast 24° to east 38°, it would be 
necessary to enter more than one recording as 
the display appeared in more than one of the 
divisions. The Arc started and appeared in the 
combined section north 12°, therefore the divi- 
sion north, altitude 10° to 20°, receives one 
point; as the display extended beyond this region, 
touching the section northeast 24°, the division 
northeast, altitude 20° to 30°, also receives one 
point; and, as the Arc continued on into the 
ast octant, 38°, this combined section east, 30° 
to 40°, also receives one point. Because of the 
range of this display, it has been recorded 3 
times on the distribution chart. 

Another example would be an Isolated Ray 
extending from northwest 06° to 57° in the same 
direction. In this instance the following sec- 
tions, all in the northwest, would each receive 
one point for this display: 00° to 10°, 10° to 20°, 
20° to 30°, 30° to 40°, 40° to 50°, and 50° to 60°. 

In determining the number and size of each 
of the spots for the period noted on each of the 
charts, whether for one day, several days, or, as 
in some instances, an entire month, the total 
points were taken for each of the individual 
sections. As example: on the chart representing 
the two days, May 11 and 13, aurora appeared 
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in the combined section north, altitude 00° to 
10°, 15 times; between 10° to 20°, 17 times, etc. 
The large representative spot at the zenith, 
recording the number 54, is a total of all direc- 
tions recording displays from altitude 80° to 90° 
(zenith). 

A perusal of the 11 distribution charts will 
show that the portion of the sky most active 
with auroral displays was from the northwest 
running clockwise to south, the greater number 
occurring from northwest to northeast and at an 
altitude from the horizon to 30°. 

The zenith also represents an active auroral 
position in the sky, but, as can be seen from the 
observation sheets that close this paper, the 
section from 80° to 90° in all directions (including 
the zenith) totaled most of its points from arcs 
extending from one octant into another, passing 
through the zenith. 


May 1, 1940. 
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MOTORIZED SURFACE TRANSPORTATION IN THE ANTARCTIC 


Lieutenant VERNON D. BOYD, U.S. M.C.R. 


Master Mechanic, United States Antarctic Service 


COMPLETE motorization of surface transporta- 
tion in the polar regions has long been the dream 
of many explorers. To this end, many and varied 
tractor designs have been tried, but only during 
the last decade of exploration have any of these 
experimentations in tractor operations proved 
successful. Much still remains to be done, how- 
ever, so far as perfect adaptation of standard 
commercial tractors to the snow and ice surfaces 
and climatic conditions in polar regions is con- 
cerned. 

As a result of much experience, study, trial, 
and error, it has been found that the ‘‘track- 
laying’ type of machine is best suited for the 
adverse conditions encountered in polar work. 
This type of machine is commonly known as the 
“caterpillar” variety. Actually, ‘‘caterpillar’’ is 
the trade name of a certain manufacturer of 
tractors, and when the name is applied to all 
tractors of that type, it becomes a misnomer. 

The second Byrd Antarctic Expedition, 1933 


35, used tractors with the greatest success of any 
polar expedition up to that time, being equipped 
with three machines built in France by Citroen, 
two Ford Snow- Mobiles, and one Cletrac Tractor, 
built by the Cleveland Tractor Company. These 
machines were all, in one form or another, of the 


track-laying type. The Cletrac was strictly so, 
while the Fords and Citroens were of the type 
which employs a pair of skis at the front by which 
the machine is steered. 

There are several factors which govern the suc- 
cess of a tractor operating in polar regions. First 
of all, it should be mechanically of the most 
simple construction; complicated fuel, lubrica- 
tion, and track systems can be the cause of much 
needless suffering to the operating personnel in 
case of mechanical failure while in the field. The 
next most important factor is probably the one of 
size and weight. A machine of any practical size 
and weight can be used, so long as its tracks are 
sufficiently long and wide to keep the weight per 
unit of running surface on the snow to a mini- 
mum. It has been found that this weight unit 
should not exceed five pounds to the square 
inch. 


Tractors of the true track-laying type are pre- 
ferable to the ski-steered, or automobile, variety. 
The former may be seen on almost any construc- 
tion job, and are ‘‘work’’ machines, with the 
ability to haul heavy loads over a long period of 
time. The latter, while faster, are usually not 
capable of hauling other than their own fuel, or, 
at best, a strictly limited pay load on long trips 
such as are undertaken in the polar regions during 
the field work season. 

Owing to the fact that it is necessary, at times, 
for a tractor to traverse small crevasses or cracks 
in the surface, the tracks of the vehicle should be 
as long as possible without interfering with 
or adding to the difficulty of steering. An 
ample track width should always be maintained. 
An ideal commercial machine for use in the Ant- 
arctic would be an International Harvester T-20, 
its tracks extended from the standard 5-foot 
length to a length of 8 feet, with flat-type 
grousers, 18 inches wide. This commercial ma- 
chine weighs about three tons. I believe that 
any of the other present-day commercial work 
tractors, with minor mechanical changes, would 
function fairly successfully in polar regions. 

It is preferable, though not absolutely essen- 
tial, that the engine lubrication system be of the 
pressure-feed type. Starting the engine in ex- 
tremely cold weather presents a constant prob- 
lem. In the past heating has been accomplished 
by covering the engine hood and the tracks with 
a tarpaulin and then placing a large plumber’s 
blow-pot under the crankcase. Heating a tractor 
engine in this manner involves the ever-present 
danger of overheating the oil. A more adequate 
and satisfactory method would be to have a hot- 
water-heater coil permanently installed in the 
cooling system at an advantageous point outside 
the engine hood. Under this a heating torch 
could be easily placed and safely applied, while 
a second torch could be used to heat the oil to a 
sufficient degree to insure starting. It should 
here be emphasized that it is wholly impracti- 
cable, because of extremely low temperatures in 
Antarctica, to drain the oil and water systems for 
preheating while in the field. 
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In the matter of instruments, it is desirable to 
have an oil-pressure gage, an oil-temperature 
gage, a water-temperature gage, and, if the 
machine has a generator, an ammeter. The 
generator should be of the constant voltage type. 
Headlights are very essential. The most useful 
attachment that could possibly be put on a 
tractor to be used in a polar camp is a “nigger- 
head” or winch. Another necessary item is a 
husky hauling hook attached to the front end 
of the machine. 

The designing of a machine with driving 
sprockets at the front end, instead of at the back, 
as is now the practice, would constitute one of 
the greatest improvements that could be made in 
commercial tractors being taken to polar regions. 
In soft surfaces a tractor which has the power 
applied at the back has a very definite tendency 
to bog down, i. e., to dig itself into the surface. 
This is a handicap which changing speed will not 
remedy. Many tiresome miles have been run in 
reverse because of this tendency. It is a proved 
fact that heavier loads can be hauled over soft 
surfaces with less engine horse-power by utilizing 
a tractor with a front-wheel drive. 

Among polar explorers, tractor sleds have long 
been the subject of much discussion. While some 
favor the long-runnered, single-unit, rope-bridle 


hauled sleds, these have proved far from ideal. 
This type of sled, in order to be of any value in 
carrying a satisfactory pay load, must be built 


long and wide. In being hauled over rough sur- 
faces, they soon become “racked” and conse- 
quently pound themselves to pieces. As an ex- 
ample, put a three- or four-ton load on one of 
these sleds, which is 12 to 14 feet long and up to 
6 feet wide; if this load is then run over high 
sastrugi and balanced by its middle, a terrific 
strain is put on the entire sled structure. As 
soon as the load overbalances, the sled comes 
down off the sastruga with a slam and the entire 
load strain is taken on the bow and rear ends of 
the runners. It is obvious that this type of sled 
will not stand up under such a strain for long. 
In negotiating downgrades, these sleds usually 
“run up” on the tractor, and, in turn, the fol- 
lowing sleds run up on each other. Sooner or 
later one or more of them will get smashed as a 
result of these repeated collisions. The constant 
slackening and jerking of the bridles also tends 
to tear apart sleds of this type. 

Sleds of the “bob’’ or ‘‘travois’’ type as used 
by lumbering companies have been found to be 
very successful in the Antarctic. During the 
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stay of United States Antarctic Expedition 1939- 
41, a sled of this type was built and experimented 
on by Richard Moulton and the writer. It 
proved to be the most successful sled ever used 
in the Antarctic for long-distance tractor hauling. 

The unit is constructed with a front and a rear 
sled, connected by crossed reach poles. (In the 
case of the Moulton-Boyd sled, by crossed wire 
cables.) Each sled has a swing bunk on which 
a flat 14’ & 6}’ body is built, thereby more firmly 
connecting the sleds. It may be hauled by a 
rigid tubular steel drawbar. The runners should 
be at least 10 inches wide with a running surface 
at least 4 feet long. The drawbar should be 
interchangeable to all sleds. A steel drawbar is 
preferable to a wooden one. Two or more of 
these ‘“‘bobs’” may be connected in tandem by 
means of crossed reach poles. By the use of this 
system the tractor and all of the sleds in its tow 
will run in the same track. In running over 
rough surface, while the front sled of the ‘‘bob”’ 
is going down one side of a sastruga, the rear one 
is sliding up the other; thereby the load is always 
evenly distributed. The load rides easily, fol- 
lowing the contour of the surface without excess 
jerking and slamming. Less power is required 
to haul a sled of this type, and consequently 
there is less wear and tear on the tractor. 

For ship-unloading operations and large-scale 
short-haul jobs, the ideal sled is one popularly 
called the “‘scoot.” It is built by hewing the 
flat ends of two 3 X 12’s toa rough runner shape, 
and spiking or bolting strengthening cross braces 
and a flat body on the top of them. These 
“‘scoots’’ are inexpensive and easy to build, and 
are sufficiently rugged to withstand the punish- 
ment attendant on unloading operations. Itisa 
grave error to use sleds designed solely for trail 
operations for unloading the ships and setting up 
the polarcamp. They are far too light in struc- 
tural design to withstand the abuse which ex- 
tremely heavy loads, impossible at times of even 
distribution, place upon them during unloading 
and camp construction operations. Another 
favorable feature of the ‘‘scoots’’ is the fact that 
they are of low-down construction, thereby sav- 
ing much back-breaking labor in the loading on 
of heavy equipment and gas and oil drums. By 
using the winch of the tractor to good advantage, 
these sleds may be loaded and unloaded with 
comparative ease. 

The ideal tractor caravan for long-distance 
trail operations would consist of a front-wheel- 
drive tractor, of sufficient size and power to per- 
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mit hauling a pay load well over and above its 
own necessary fuel supply, and several travois- 
type sleds. The usual tents used for living 
quarters for the crew would be replaced by one 
of the modern automobile trailers, insulated and 
mounted on at least three runners, these runners 
to replace the regular wheels. The tractor crews 
of the United States Antarctic Service Expedi- 
tion, while operating in the field, were housed in 
rather crude plywood trailers, mounted on two- 
runnered sleds. These ‘‘cabooses’’ were quite 
successful, although the personnel found them- 
selves at times rather cramped for space. As the 
cabooses were mounted on sleds of the two-runner 
type, they were found to be none too comfortable 
by the off-duty crew while the caravan was 
traversing rough surface. 

The decision of a tractor crew as to what to 
carry in the way of equipment for maintenance 
during Antarctic field operations always presents 
aproblem. The quantity of lubricating oil to be 
carried must, of course, be governed by consump- 
tion, which in turn can be judged only from care- 
ful observation. A little extra oil carried, even 
though never used, is always an “‘ace in the hole.”’ 
Roughly, the tools to be carried should consist 
of a set of socket wrenches, large enough to 
service the machine in use; open end wrenches 
are always useful, as well as a set of assorted 
punches, drifts, and cold chisels; a set of car- 
buretor and ignition tools is never amiss; and 
much use will be found for a couple of husky 
monkey-wrenches as well as for a medium-weight 
ball-peen hammer; solder, flux, soldering copper, 
and blowtorch are also necessary items; a hack- 
saw, a portable vise, a set of twist drills up to 
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one-half inch, and a breast drill should also be 
carried. The matter of spare parts must, of 
course, be governed by the machine in question. 
Generally speaking, it is well to carry a spare 
fuel pump assembly, a complete magneto, and a 
spare fan belt or two. It must be remembered 
that, owing to extreme cold, fuel and oil lines 
are quite likely to break; consequently spare 
lines as well as a complete carburetor assembly 
and fittings are good items for the tractor 
crew. 

It has been found that the food for a tractor 
party in the field need not conform to the usual 
strict diet of the polar trail ration as applied to 
dog-team sledging parties. As extra weight does 
not present a serious problem, a supply of meats 
and dehydrated vegetables may be carried and 
prepared in such a manner that a balanced diet 
will result. 

In conclusion, the writer feels that tractors, 
after slight modifications, can be utilized for 
polar region transportation as well as in any 
other part of the world. However, for truly 
successful polar operations, a front-wheel-drive 
tractor would be the most efficient. While 
Diesel-powered units have never been used in the 
Antarctic, there is no reason to believe that they, 
too, should not be successful. With certain 
modifications, as set forth in a previous para- 
graph, to facilitate heating for starting, they 
should be very successful. The saving in fuel 
alone is enough to warrant some experimentation. 
At present the transportation world is turning to 
Diesel, so why not the polar regions as well? 
Their success may be confirmed by their very 
extensive use in Canada and Alaska. 





PHOTOGRAPHIC ACCOMPLISHMENTS AND PHOTOGRAPHIC TECHNIQUE 
AT WEST BASE, ANTARCTICA 


Lieutenant (j.g.) CHARLES C. SHIRLEY, U. S. N. 


Official Photographer, West Base, U. S. Antarctic Service 


\CCOMPLISHMENTS 


Tue West Base photographic record begins 
with the loading of supplies on board the U. S. 
M.S. North Star at Boston, Massachusetts, and 
the vessel’s subsequent departure. The record 
then switches to the U.S. S. Bear, on board which 
this photographer sailed to the Antarctic. 

The Bear’s arrival in the Bay of Whales is duly 
recorded, as are the unloading operations of each 
ship. There then follows a record of the Bear's 
exploratory cruise to the East, during which all 
prominent activities were photographed and 
chronologically recorded. 

Upon return of the Bear to the Bay of Whales 
and the transfer of this photographer to perma- 
nent assignment with the West Base personnel, 
there followed 13 months of continuous photo- 
graphic work designed to depict the progress and 
activity of that unit of the United States Ant- 
arctic Service. In this record there are included 
photographs showing the erection of the buildings 
and other construction work at the base; all im- 
portant phases of base operations, including 
preparation, departure, and return of all field 
sledging and tractor parties; operations of the 
Army tank before and after its modification; the 
construction of snow hangars for the two planes 
during the winter night; the essential work car- 
ried on by members of the scientific staff during 
the winter night; portraits of all personnel for 
record purposes; various equipment used by the 
expedition; human interest and_ recreational 
scenes; pictorial views of the Bay of Whales area; 
and views of animal and bird life taken within 
the limits of the same area. 

Although no enlarger was furnished, one was 
improvised and enlargements were successfully 
made on insurance bromide paper for radio trans- 
mittal to the Executive Committee, and, in some 
instances, for subsequent release to news agencies 
in the United States. 

Every effort was made to co-operate with Dr. 
F. Alton Wade, senior scientist, in the photo- 
graphing of such features as he considered im- 
portant to his department. Included in this 
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category were photographs of equipment used by 
the scientific staff, types of surfaces, and shifting 
of glacial ice. 

The filing system was the same as that used by 
the U. S. Navy Bureau of Aeronautics. The 
negatives were listed in a loose-leaf ledger and 
numbered, beginning at 4,000 with a four-letter 
prefix, USAS (nos. 1 to 3,999 were assigned to 
East Base). One print of each was made and 
mounted on a card on which was duly recorded 
all pertinent information. The card was then 
filed in its numerical place in the ledger. 

In anticipation of evacuation, all photographic 
equipment was packed and ready for delivery to 
the North Star at the time of that vessel’s arrival 
in the Bay of Whales on January 24, 1941. 
Consequently no film was developed and no 
prints were made after that date. All subse- 
quent pictures had to await processing after 
arrival in the States. 

Motion picture film made during the expedi- 
tion was turned over to the U.S. Naval Attaché 
at Valparaiso, Chile, for shipment to the Press 
Relations Office, Navy Department, Washington, 
D. C., as follows: 


41,100 feet 35-mm. motion picture film 
exposed, undeveloped. 


Aerial survey negatives are outlined below 
according to flights. They are identified by a 
prefix of one or two letters used in numbering 
them. 


TECHNIQUE 
EXPOSURE 


The Weston Exposure Meter was used as a 
general guide in making exposures, not by the 
ordinary prescribed method but in the manner 
indicated as follows: 

F (1) For ice scapes, close-up readings were 
taken in the shadows. 

(2) For photographing objects located on ice, 
close-up readings were made in such a manner as 
to exclude the intense light from the ice back- 
ground. 
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DESCRIPTION OF FLIGHT 
Flight A—To the east of the Edsel Ford Mountains 
within sight of Mount Hal Flood 


Flight C—To Beardmore Glacier, east along the 
north side of the Queen Maud Range 
about to Mount Nansen 

Flight L—Bav of Whales area 

Flight RI—Strip along the north side of Roosevelt 


Island 

Flight EL—Survey of Edward Land, starting at the 
Rockefeller Mountains, east to Sulz- 
berger Bay, then west along Barrier 
Front to Kainan Bay 

Flight AA—From Edward Land, starting at south 
shore of Sulzberger Bay, easterly by 
Mount Grace McKinley to Mount Rea, 
and return across Sulzberger Bay 


Flight E—Vicinity of Mount Hal Flood 

Flight F—To the NE of Mount Hal Flood 

Flight G—To Mount Sidley 

Flight X—Barrier front, from Bay of Whales to 
Lindbergh Inlet 

Flight W—From west side of Roosevelt Island, west 
to beyond 180th mer., then east along 
Barrier front to Lindbergh Inlet 

Flight H—From Scott’s Nunataks east along the 


Ruppert Coast 
Flight LG—A circle at Mount La Gorce 


Flight K—Barrier front from Kainan Bay to Bay 
of Whales 
Flight M—Ground control stations, in Bay of 


Whales Area 








Total number of prints made 


From experience in the Antarctic it was found 
that if an exposure meter reading is made from 
the position of the camera lens, the indicating 
needle will read in excess of 1,600 candle power 
no matter in which direction the meter may be 
pointed, except straight overhead. This is owing 
to the fact that the ice surface is more reflective 
than the atmosphere. 

When the sun was at its highest altitude, the 
average exposure on film of Weston speed group 
100 was found to be 1.2 second at f. 22 without 
any filter. From the air, exposures were found 


to be about the same except that an A-1 filter was 
used as an exposure control. 
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PHOTOGRAPHER 


AND PLANE DATE ToTaL PRINTS 








Shirley Feb. 9, 1940 235 negatives 
(Condor) 3 prints ea. 
Shirley Feb. 29, 1940 154 negatives 
(Condor) 2 prints ea. 
Shirley March 10, 1940 224 negatives 
(Condor) 2 prints ea. 
Shirley Oct. 26, 1940 87 negatives 
(Beechcraft) 1 print ea. 
Shirley Nov. 4, 1940 309 negatives 
(Beechcraft) 3 prints ea. 
Shirley Nov. 13, 1940 236 negatives 
(Condor) 2 prints ea. 
Siple Dec. 9, 1940 195 negatives 
(Beechcraft) 2 prints ea. 
Siple Dec. 13, 1940 161 negatives 
(Beechcraft) 2 prints ea. 
Siple Dec. 15, 1940 222 negatives 
(Beechcraft) 2 prints ea. 
Shirley Dec. 7, 1940 75 negatives 
(Beechcraft) 2 prints ea. 
Shirley Dec. 12, 1940 280 negatives 
(Condor) 2 prints ea. 
Shirley Dec. 18, 1940 342 negatives 
(Condor) 2 prints ea. 
Shirley Dec. 15, 1940 28 negatives 
(Beechcraft) 3 prints ea. 
Shirley Jan. 16, 1941 23 negatives 
(Beechcraft) 2 prints ea. 
Shirley Jan. 16, 1941 30 negatives 
(Beechcraft) 2 prints ea. 


2,365 





FILTERS 


Filters were found to be of no practical use 
except to control exposure. This fact was proved 
by many tests. From the air they are not needed 
because of the lack of haze. Dust particles 
which cause haze by reflection of blue and blue- 
violet light are not present in the Antarctic in 
sufficient quantity to cause haze. 


ICE PHOTOGRAPHY 


To obtain the best photographic results of sur- 
face detail on ice, the camera angle must be partly 
or wholly against the sun. This condition can be 
appreciated with the eye, and it is still more no- 
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ticeable in photographs made in a circle, which 
show better detail when the camera is pointed 
directly at the sun (sometimes including it in the 
picture) than when otherwise pointed. 


SHADOW COMPOSITION 


It must be remembered that, because ice is one 
color (white), a photograph made with the sun 
behind the camera produces no shadows; thus 
no unevenness or broken surfaces are revealed. 
However, with the camera pointed against the 
sun, the slightest amount of sastrugi, rolling sur- 
faces, and any elevations or depressions stand 
out distinctly and are readily detected. 

In making vertical photographs, minute detail 
is always present because the low altitude of the 
sun casts surface shadows. This is not true in 
other latitudes with the sun more directly over- 
head. 

With the sun behind the camera, it is possible 
to photograph an ice-covered island several hun- 
dred feet high and never detect its presence in 
the picture (unless it rises above the horizon). 
This was actually done on several occasions by 
circling a known elevation which would reveal its 
presence more and more, until finally a maximum 
of detail would be reached when the camera was 
pointed directly toward the sun. 

The foregoing applies to photographs made on 
the surface as well as in the air and is the most 
important feature of successful ice photography. 
Unless this method is followed, results are sure 
to be disappointing. 


CUT FILM VERSUS FILM PACK IN COLD 
CLIMATE PHOTOGRAPHY 


For reasons which follow, this photographer 
highly recommends the use of film packs as 
against cut film. 

At times it was necessary to load cut film bare- 
handed in temperatures ranging from — 30° F. to 
—40° F. On such occasions frostbitten fingers 
resulted. After once experiencing frostbite, it 
will be found that the condition subsequently will 
set in more rapidly each time, resulting in a 
quick loss of the sense of touch so necessary to 
the operation of film-loading. Until a building 
is erected or other comfortable shelter is afforded 
for the changing of film, the photographer should 
have sufficient film pack to avoid the condition 
mentioned. 

Some objections have been made to the use of 
film packs because of the paper leaders tearing 
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off or breaking owing to the extreme amount of 
bending which is necessary. However, film 
packs were successfully used in tests at tempera- 
tures as low as —70° F. 


EXPOSURE FOR COLOR FILM 


Exposure determination is approximately the 
same as for black-and-white film. However, 
owing to the slow speed of color film, some diff- 
culty was experienced through the camera shut- 
ter lagging at slow speed. A suggested remedy 
for this is a camera shutter with sufficient spring 
power to insure operation regardless of the speed 
selection. The same rule regarding the sun in 
black-and-white photography applies, in general, 
to color photography. 


MOTION PICTURES OF AURORA 


Sufficient information was gained from photo- 
graphing aurora displays to determine that, with 
present-day apparatus, it is possible, by using a 
proper combination of lens and film, to make suc- 
cessful black-and-white motion pictures of this 
phenomenon. Although for scientific study the 


ultimate aim in auroral photography is color, 
present-day color film is too slow and therefore 
inadequate for the purpose. 


RECONNAISSANCE AERIAL SURVEY 


For successful reconnaissance aerial survey 
photography, equipment to extend the range of 
the plane should include a bank of cameras taking 
overlapping photographs from the horizon on one 
side of the plane to the horizon on the opposite 
side. The cameras should be so arranged that 
the angle in relation to the plane’s flight is always 
known. Included in the photographs should be 
a dependable clock, a compass, and an indicator 
showing the angle at which the camera is de- 
pressed below the horizontal, for sometimes, ow- 
ing to the interference of high mountain ranges, 
it is impossible to include in the photographs any 
horizon at all. 

An ideal set-up for this method of reconnais- 
sance aerial survey photography would be three 
cameras of a T3-A type taking verticals and an 
F-25 or F-57 tying on and overlapping the ends 
of the wing cameras of the T3-A and including the 
horizon. 

Unfortunately the United States Antarctic 
Service had only one aerial camera; therefore it 
was impossible to photograph territory directly 
under the plane as well as on both sides. 
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It should be remembered that extremely cold 
weather is at the same time exceedingly dry. 
Therefore, considerable static is created by fast- 
moving film such as is used in motion-picture and 
aerial cameras. Every attempt should be made 
to keep the film running free, thereby eliminating 
as much friction as possible and reducing static 
to a minimum. 


PHOTOGRAPHIC LABORATORY 


The Photographic Laboratory occupied a space 
12 by 8 feet in one corner of the Science Building; 
thus two walls were exposed to outside tempera- 
tures. The sink and all developing solutions 
were against one of these outside walls and about 
4 feet above the floor. The developing solutions 
maintained an average temperature of 50° F. to 
55°F. The application of 8-inch immersion 
heaters (110 volts, 500 watts) were used to warm 
the solutions to 65°F. This operation would 
usually take from 5 to 10 minutes. If these solu- 


tions had been permitted to occupy space closer 
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to the floor, the standing temperatures would 
have been at about the freezing-point. 

A successful drain for the sink was installed by 
constructing the drain pipe in two sections. The 
bottom section ran through from the first (false) 
floor with a funnel at the top. Water from the 
sink was drained directly into the second section, 
where freezing would usually take place. How- 
ever, the section was so arranged as to be con- 
veniently removed and thawed in a very few 
minutes. 

WATER SUPPLY 


A gravity tank with a 300-gallon capacity was 
installed above the laboratory, and snow water 
was pumped to it; piping and spigots were in- 
stalled, thereby providing the laboratory with 
running water. Room temperature in the labo- 
ratory was usually about 65° F. 

Temperature of the water in the tank was con- 
trolled by leaving space for about 100 gallons; 
then, by adding cold water immediately before 
washing films and prints, the temperature could 
be maintained at any level desired. 





GROUND SURVEYS ACCOMPLISHED AT WEST BASE, ANTARCTICA 


Lieutenant LEONARD M. BERLIN, U.S. N. R. 


Surveyor, U. S. Antarctic Service 


DURING the year at West Base a continuous 
series of observations was taken for an astronomic 
fix and detection of movement within the Bay of 
Whales. The survey commenced January 23, 
1940. Several points across the bay were meas- 
ured from time to time, and an interesting series 
of observations was recorded. The Astronomic 
Station at West Base, Little America II1, was 
tied to the Astronomic Station of Little America 
Il. A summary of positions obtained is as 
follows: 


Lat. 78° 29’ 06.1” S. 
Long. 
Lat. 
Long. 
Lat. 
Long. 
Lat. 
Long. 


Station A, West Base 


78° 30’ 05” S. 
163° 50’ 09.2” W. 
78° 33’ 53.3” S. 
164° 02’ 31” W. 
78° 34’ 05” S. 
163° 55’ 58” W. 


Station B, West Base 


Windmill tower, Little 
America II 

Astronomic Station, 
Little America II, as 
determined 1934-35 

Position of same as 
determined in 1941 


78° 33’ 56.7” S. 
164° 02’ 09.4" W. 


Lat. 
Long. 


The local survey included the mapping of the 
camp itself and the construction of an extended 
baseline running 1 mile north and 1 mile south 
of the camp, with side branches extending to the 
edge of the barrier along the east side of the Bay 


of Whales. Dr. Wade and Dr. Frazier laid out 
this line, which was later marked by Berlin and 
photographed from the air by Shirley and Petras 
as a ground control for the mapping of the entire 
Bay of Whales region and the shelf-ice front. 


TRAIL SURVEYS 


The Pacific Coast Survey Party departed from 
West Base on October 15, 1940, traveling by dog 
team to the position of Mount Hal Flood. The 
writer was leader of the party and its surveyor, 
being accompanied and assisted by Jack Bursey 
and Richard Moulton. At Mount Grace Mc- 
Kinley, on November 13, 1940, on top of the 
south end of its most southerly ridge and on the 
highest point of a granite and diabase porphyry 
outcrop 20 X 200 feet, bearing N. 10° W., there 
was set a United States General Land Office brass 
cap, 3} inches in diameter, 3}-inch prong, flush 


PROCEEDINGS OF THE AMERICAN PHILOSOPHICAL SOCIETY, VOL. 


163° 50’ 10.1" W.° 


in bedrock and identified as Station No. 2, Ant- 
arctica. The position here was determined to be 
latitude 77° 54’ 35.4” S., longitude 148° 20’ 20.8” 
W. The magnetic variation at this point was 
approximately 91°57’. A cairn of stone 5 feet 
in diameter and 5 feet high was placed on top of 
the brass cap. Within the cairn a small glass 
bottle was deposited, containing an efficial form 
claiming this area in the name of the United 
States Government. 

The party continued through the Edsel Ford 
Mountains, where brief surveys were made in 
transit, and reached its destination during the 
first week of December 1940. The following 
positions were determined from an accurately 
laid baseline: 


Peak 1, highest and most easterly peak of Mount 
Hal Flood 
Lat. 76° 03’ 54.61” S. 
Long. 135° 49’ 54.56” W. 
Peak 4, most westerly peak of Mount Hal Flood 
Lat. 76° 03’ 13.70” S. 
Long. 136° 01’ 52.97” W. 
U. S. General Land Office monument No. 4 on SW. 
slope Peak 4 
Lat. 76° 03’ 59.54” S, 
Long. 136° 08’ 25.43” W. 


A SURVEY OF ANDERSEN HARBOR, EAST 
MELCHIOR ISLANDS, PALMER 
ARCHIPELAGO, ANTARCTICA 


While the U.S. M.S. North Star lay at anchor 
in Andersen Harbor, there was opportunity to 
make a survey of the harbor and neighboring 
islands constituting the Melchior Archipelago. 
As a result an accurate map of the harbor has 
been drawn; it shows soundings and dangerous 
points and notes fresh water and good mooring 
grounds. A number of small islands to the 
southeast of this area were mapped for the first 
time, and numerous corrections were added to 
British Admiralty Chart No. 3213. 

The base thus established by ground survey 
was supplemented by extensive series of photo- 
graphs by Charles Shirley, West Base Photogra- 
pher, and Raymond Butler, West Base Carto- 
grapher. 
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REPORT ON AIRCRAFT ACTIVITIES AT WEST BASE, ANTARCTICA 


Lieutenant JAMES C. McCOY, U.S. N. 


Chief Pilot in Charge of Aviation, West Base, U. S. Antarctic Service 


THe U.S. M.S. North Star transported to the 
Antarctic two planes for the use of the expedition 
at the West Base camp. ‘These planes were the 
RC4-1 (Condor) and a Beechcraft plane, the 
latter to be used in conjunction with the opera- 
tions of the Snow Cruiser. Both planes, minus 
wings, were secured on top of the ship’s deckload 
for the passage south. The wings were packed in 
large crates, and the skis and tail surfaces were 
also packed and stowed. 

Within a few hours after the arrival of the 
North Star at the Bay of Whales, unloading 
operations of the plane units were started. 
First, the Beechcraft was hoisted from the for- 
ward well-deck and set down safely on the bay 
ice. As no mechanized transportation was 
available during this early stage of unloading 
operations, it was necessary to utilize about three 
full teams of dogs together with man power to 
haul the machine across the bay ice, up and over 
the foot slope to the safety of the Barrier—a dis- 
A spot about 200 


tance of some 500 yards. 
yards removed from the Barrier’s edge was 
chosen by the aviation crew as a suitable and 
safe place for an aviation cache and as an as- 


sembling point for the planes. The Beechcraft 
was moved to this position, and later the wing 
crates were hauled up on tractor sleds. 

The Condor, owing to its tremendous weight, 
necessitated more adequate arrangements in 
transporting it from the ship’s side to the top of 
the Barrier. The plane, weighing some 10,000 
pounds without wings and tail, was hoisted from 
its position atop the deck cargo of the after well- 
deck, swung out over the side, and left suspended 
over the bay ice while the 10-foot skis were being 
attached. Meanwhile, ship’s officers, crew and 
expedition personnel were busy rigging an ‘“‘end- 
less line’’ running from the ship’s winch to and 
through a block buried by means of a ‘“‘dead 
man’”’ at the top of the Barrier and returning to 
the ship. When the skis had been installed to 
the satisfaction of the aviation unit, the plane 
was lowered to the bay ice. Admiral Byrd, in 
command of the expedition, himself was on hand 
to see that the plane was removed from this pre- 
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carious position on the relatively thin ice as 
expeditiously as possible. Immediately upon 
being unrigged from the ship’s tackle, the plane 
was hauled by about 90 men to a position along- 
side the endless line. A bridle was promptly 
rigged to the landing struts and made fast to the 
towline. In this manner the Condor, minus 
wings, tail surfaces, and propeller, was moved 
across the bay ice and up the steep foot slope to 
the top of the Barrier and the safety of the 
aviation cache. 

The Condor wings and tail surfaces, packed in 
crates weighing 9,150 pounds and 5,950 pounds, 
were swung out from the ship and an attempt 
was made to transport them to the Barrier by 
means of tractor sleds. However, these proved 
too great a load for the sleds to bear, so surfaces 
were removed and hauled to the cache one piece 
atatime. Inthe meantime the tractor had been 
unloaded from the North Star, and it, together 
with dog teams, proceeded to haul to the Barrier 
cache all spares and equipment necessary for as- 
sembly of the planes. 

At the cache both planes were secured by run- 
ning the skis into trenches dug about 3 feet deep. 
The trenches were then packed solid with snow. 
Wings and other surfaces were placed flat on the 
snow, and the edges were packed with snow in 
order to preclude the possibility of high wind 
blowing them away. The boundaries of each 
piece were carefully marked by trail flags. This 
was done for two purposes—first, in order that 
pieces might be located even though covered with 
light drift; and, second, in the event pieces were 
covered, to prevent men or teams from traveling 
over them. 

In spite of this precaution, a delay of three days 
was incurred when a dog team got out of control 
and ran afoul of the top right wing, tearing a 
large hole in the wing tip, breaking the metal 
tubing in the leading edge, and causing damage 
to three ribs. 

In order that this damage might be repaired, it 
was necessary to rig an Army tent at the aviation 
cache site. The snow floor of the tent was dug 
out to form a pit, and the damaged part of the 
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wing was slid under the tent to a position over 
the pit. The necessary metal repair work was 
done on board the North Star, and a fabric cover 
to fit was manufactured by the West Base sail- 
maker. Ribs and tubing were replaced, fabric 
was sewed on, and the doping was done in the 
tent. For heat, two or more Von Prague heaters 
were kept in constant use, while the aviation 
crew worked continuously in relays for three days 
- until eight coats of dope had been applied and 
dried. 

From the above-related episode it may be seen 
that every precaution should be taken to guard 
against dog teams and other traffic around the 
planes or surface panels while assembly is in 
progress in the Antarctic. A little carelessness- 
one brief moment of negligence—and even more 
serious damage could easily result. 

Ship's officers, ship’s crew, and expedition per- 
sonnel co-operated splendidly in unloading oper- 
ations, aiding the aviation crew in every way 
possible. My only recommendation for similar 
unloading jobs in the future is that as much rig- 
ging as possible should be done on board ship 
prior to arriving at the ice. In this respect, con- 
sideration should be given to weights, type of 
equipment for hoisting, together with the neces- 
sary method of hauling, and the number of men 
available. Owing to the constant danger of the 
the ice breaking, | strongly urge that future un- 
loading programs be so prepared and arranged 
that no heavy items, be they planes themselves 
or other equipment, be left on the bay ice longer 
than the barest minimum of time necessary for 
efficient organization to remove them to the 
Barrier. 


ASSEMBLING THE CONDOR 


Our first step in assembling the plane was to 
have the base carpenter construct two 20-foot 


towers. In their construction 4’ X 4” beams 
were used for uprights, braced with 1” x 6’ 
planks—in many respects similar to oil-well 
towers. These were placed on each side of the 
wing in position for attaching to the fuselage, 
care being taken to insure a firm base for the 
towers, which were centered over the hoisting 
fittings on top of the wing. A _ strongback 
(4 & 8” plank) was then placed across the tops 
of the two towers, and a strap was passed over 
the strongback. A small tackle was then rigged 
and hooked to the sling attached to the hoisting 
fitting on the wing. A workstand was made 
ready near the outboard end of the wing, being 


JAMES C. McCOY 


sufficiently high to permit a man to guide the 
wing into position as it was hoisted up to the 
proper level. 

This operation required the services of eight 
men—four hoisting the wing, one on the stand 
at the wing tip, one on top of the center section, 
and two in position to drive the kingpin into 
place as the wing became lined up. 

After the top wing had been made fast, it was 
left suspended by the tackle; the struts and wires 
were attached and left hanging in position, and 
the lower wing was then moved into place and 
hoisted into position by man power. About ten 
men were required for this latter job. With the 
kingpins placed and secured, the struts attached, 
and the flying and load wires made fast, the load 
wires were taken up until all weight was released 
from the hoisting tackle. The towers and stand 
were then moved to the opposite side of the plane, 
and the procedure was repeated. 

The tail of the Condor was assembled, and the 
rudder, stabilizers, and elevators were attached, 
before the whole tail unit was mounted on the 
plane. Eight men were required to lift this unit 
into place and secure it with four large hold-down 
bolts. All control wires, ailerons, rudder ele- 
vators, etc. were then hooked up, and the plane 
was lined up. 

To line up a plane in the Antarctic, it is recom- 
mended that ‘“‘tram’’ measurements be used, 
since a firm, level footing cannot be made on a 
snow surface. No trouble was experienced in 
lining up either the Beechcraft or Condor by this 
method. The Beechcraft was assembled in much 
the same manner as the Condor, except that no 
towers or stands were necessary, and of course 
fewer men were employed in the operation. 

Propellers were next installed, and the 12’ 
xX 12’ fabric engine tent was rigged over the 
engines. Gas and oil lines were drained and 
connected, engines were checked, and all neces- 
sary checking inspections were made. All gas 
tanks were then drained to insure against ice 
forming in the tanks, and vents and valves were 
thoroughly checked. 

All was in readiness now to gas up, and 200 gal- 
lons were pumped aboard. To accomplish this 
it was necessary to haul the drum near to the 
plane, attach a hand pump, and hose and pump 
the gas into the tank. Prior to the actual filling, 
a small quantity of gas was pumped into each 
tank as a test for lines, valves, vents, etc. 

Two weeks had passed during this assembly 
operation, and during that time a great deal of 











snow had drifted around the skis and under the 
wings. To remove this accumulation of drift 
required the concentrated efforts of five men 
digging away at the snow for a day and a night. 
When all had been cleared, the tractor was called 
into use in an effort to pull the Condor out of the 
hole which had thus been formed by the drifting 
snow. The attempt was without success. It 
was apparent that the plane’s own efforts would 
be necessary, sO preparations were immediately 
started. Two Von Prague heaters were placed 
in each tent, and the engines were heated by this 
method. At the same time oil was placed over 
heaters located in the tent. About three hours 
were required before a temperature of 40° C. was 
recorded as head temperature. The hot oil, 
heated to about 60° C., was then poured in, and 
the tents were removed. After a few attempts 
the engines were finally started, and they seemed 
to work perfectly. 

After warming up the engines to a temperature 
of 40° C., the skis were broken loose and the 
engines were turned up. (In this connection, it 
might be noted that skis will freeze solid to the 
surface within a very few minutes. In all at- 
tempts to break skis loose from the surface, a 
large mallet was swung against each ski while 
men at each wing shook the wings.) In this 
initial move of the Condor, it was a matter of 
only a few moments before the ship broke loose 
and taxied out of the hole. 

On January 26 the Beechcraft made its first 
test flight, followed on January 29 by the first 
test flight of the Condor. The total time 
elapsed between unloading from the North Star 
until the first flight of both planes was 16 days. 
The assembling of the planes had been accom- 
plished by four men working an average of 15 
hours per day. Adverse weather conditions held 
up the progress of the work from time to time. 
On several occasions it was necessary to enlist 
the help of additional expedition personnel. 

Recommendations.—Towers, stands, tools, and 
other equipment pertinent to assembly should be 
made up, as far as possible, prior to the arrival 
of the ship at the scene of debarkation. A tent, 
preferably officers’-size field tent, or a crate large 
enough to be used as a shop should be available 
and set up near the scene of assembly operations, 
but care should be taken that it be placed in such 
a position as not to cause drift to form around the 
plane. The heating tents used on this expedition 
were 12’ X 12’, with bottom. A tent of this par- 
ticular size and type was found to lack sufficient 





AIRCRAFT ACTIVITIES AT WEST BASE, ANTARCTICA 





389 





height. It was, therefore, necessary to split the 
bottom in order to gain height advantages. A 
tent of this sort makes an excellent workshop for 
checking engines and for other assembly opera- 
tions. However, for merely heating the engines, 
a more compact, snug-fitting tent is recom- 
mended. A cover, fitting over the engine and 
nacelle and extending aft to the back fire 
wall, with skirts extending down to the skis, is 
suggested for this work. It should fit snugly 
around the exhaust outlet and lace up the back 
around the ski wires and landing strut. Witha 
flap covering the propeller hub and sufficient 
space to permit the use of a Von Prague or 
Primus stove, it is believed that satisfactory 
results would be obtained. Such a cover was 
used on the Barkly-Grow plane! with good re- 
sults. With this type of cover the time for heat- 
ing is greatly reduced and the weight is cut to 
about one-half. 

The portable Primus forge burner, with a cold- 
resisting flexible tube attached to a 3-gallon tank, 
is highly recommended as a heating stove. It 
has several advantages over the Von Prague 
stove. These advantages include greater heat 
per stove and less danger of fire, since the gas 
tank itself can be left outside the tent; further, 
with the handle attached to the burner, the 
burner can be placed or held in any desired posi- 
tion; it is compact and can easily be carried in 
the plane in flight. The Primus stoves on this 
expedition were equipped with flexible tube lines 
containing a raw rubber substance which at low 
temperatures had a tendency to break. This 
situation was corrected by installing high-pres- 
sure hydraulic tubing. White or clear gas is 
used in these heaters, although aviation gas 
could safely be used if occasion required it. 

Oil can be placed in the heating tent in 5-gallon 
cans and heated to 60° C. or higher. This can 
be done at the same time the engine is being 
warmed up. However, because of the large 
quantity necessary for use in the larger type 
planes (40 gallons for the Condor) it was found to 
be more practical to warm it up in the Army tent 
near the plane. A metal frame large enough to 
hold eight 5-gallon cans was placed in the Army 
tent. Von Prague stoves were then placed under 
the cans, and one man was assigned to watch 
the oil while other members of the crew proceeded 
with the heating of the engines. By the time 
the engines were sufficiently heated, the oil was 


1Used by Admiral Byrd in exploratory flights from 
U.S. S. Bear, 1940. 
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ready and was poured into the engine oil tanks. 
Oil of type 40 SAE was used in the engines of 
both planes. 

After the first test flight it was noticed that the 
bungees, designed to hold the skis in proper posi- 
tion during flight, were not of sufficient strength 
and were consequently permitting the skis to 
hang down. These, therefore, had to be rein- 
forced with additional bungee—*<-inch double 
or \%-inch in place of the *¢-inch single strand. 
It is recommended that if a similar ski arrange- 
ment is used in the future, a stronger bungee be 
used and eye-splices be made in the wire in place 
of clamps in order to eliminate any possible slip- 
ping of the bungee on the wire. The Beechcraft 
had a very satisfactory ski arrangement. How- 
ever, in the case of the Condor, we believe its 
skis, 16 feet long and weighing 550 pounds, were 
entirely too heavy and the wire and bungee pre- 
venters too weak. 

In the handling of the plane in flight, no great 
changes were noticed from its normal handling 
characteristics. Additional weight of skis, extra- 


heavy loads, operating from a snow surface, etc. 
are, of course, contributory factors which make 
necessary a different technique in landing, take- 
offs, and taxiing, and these factors were given due 


consideration. 

The engines performed satisfactorily, with oil 
temperature and pressure normal, cylinder head 
temperature and manifold pressure normal, ex- 
cept in extremely low temperatures such as — 50° 
or —55°F. As an example, on flights made 
with the Beechcraft while the air temperature 
was —55°, the cylinder head temperature failed 
to rise above +50°—too cold for efficient opera- 
tion. This condition was partially remedied by 
installing a 2-inch sheet-metal strip extending 
inward from the after edge of the ring cowling. 
This acted as a baffle, causing more heat to 
remain around the cylinder head. This arrange- 
ment is satisfactory for temperatures not below 
—35° or —40°. If any operations are planned 
during temperatures lower than this, a special 
cowling should be developed. However, as all 
flights made by the Condor at West Base were 
made with the air temperature not less than 
— 35°, no special cowling was designed. 

We believe gasoline consumption to be on an 
average 8 per cent greater under operating con- 
ditions in the extremely low temperatures en- 
countered in Antarctica. As an example, on the 
Beardmore or Southern Flight C the gasoline 
consumption averaged 81.2 gallons per hour for a 
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period of 11.5 hours with a mean low temperature 
of about — 25°, while on Eastern Flight A, gaso- 
line consumption was 74.5 gallons per hour for a 
9-hour period with a mean low temperature of 
+15°. Load conditions were practically the 
same on both these flights, with perhaps a varia- 
tion of not more than 100 pounds. The same 
conditions were noted during spring operations: 
as the temperature became warmer, gasoline 
consumption became relatively lower. 

Carburetor jets used were main jets 37-36 
type, Stromberg NAF7E; carburetor setting 
leaned out as far as possible without loss of 
RPMs. Hot air was set to read about +24° C 
with gasoline pressure 3.5 to 4 pounds. 

It is believed that a higher octane fuel should 
be used, especially for engines such as the Wright 
R1820-12, this being the type used on the Con- 
dor. The gasoline used at West Base was 87- 
octane as specified by the engine manufacturer 
for use in normal temperatures. However, it is 
believed that 90 to 100 octane fuel would be more 
efficient under Antarctic conditions. 

Great care was exercised in straining the gaso- 
line, clean chamois skins being used to prevent 
water, ice crystals, and other foreign matter from 
collecting in the tanks, gas lines, etc. Chamois 
skins were changed and dried out after each 100 
gallons. 

In flight, no great discomfort due to cold was 
noticed by any member of the flight crew except 
in the case of the official photographer. While 
working through an open port, it was necessary 
for him to operate his aerial camera at times with- 
out benefit of mitts, and he suffered, on occasion, 
from slightly frostbitten fingers. All heating 
equipment had been removed from the Condor 
prior to its departure from the United States. It 
is believed that heat could be used in the cabin 
without causing trouble, provided arrangements 
were made to block the heat off from the pilot’s 
cockpit, since there is the possibility of the heat 
fogging the windows. As a matter of fact, the 
windows of the Condor did fog up on flight C and 
during other early spring flights, but this was due 
primarily to the condensation of the pilot’s 
breath. Heat was used satisfactorily and to ad- 
vantage in the Beechcraft. Clothing worn by 
the flight crews consisted of heavy fur parkas, fur 
trousers, heavy mitts, fur helmets, and fur muk- 
luks, the latter being ideal for aerial footwear. 

Total loads for the Condor during flights in the 
Antarctic have been as high as 22,000 pounds, 
with a normal take-off. However, it is not ad- 
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visable to attempt a landing with a load in excess 
of 19,000 pounds, on account of the type of land- 
ing gear and ski fittings. It is therefore neces- 
sary, when a take-off with so great a load is made, 
that 3,000 pounds of fuel be burned or dumped, if 
possible, before a landing is attempted. 

During spring operations, while waiting for 
favorable weather conditions to make Flight D, 
the plane was thoroughly inspected while fully 
loaded (see lists of weights for Flight D), and 
signs of great strain were noted throughout the 
entire plane. These strains were especially no- 
ticeable on longeronds, fittings, landing gear 
springs, and the deck of the cabin; even the 
fuselage itself had warped enough to cause the 
door to jam. It was quite apparent that too 
heavy a load had been placed in the plane. Be- 
cause of this, future loads were reduced by at 
least 1,000 pounds. This action proved a severe 
setback to the flight operations of West Base, 
since the overload had to be taken, in the main, 
from the gasoline supply, thereby cutting down 
the cruising range of the plane. On all further 
major spring flights the extra gasoline was left 
out and the crew was reduced to four men, while 
clothing, emergency food, and emergency camp- 
ing equipment were reduced to what were con- 
sidered bare necessities for a reasonable safety 
factor. The remaining load was still in excess, 
by several thousand pounds, of the normal oper- 
ating load. This, however, was absolutely un- 
avoidable, since certain articles of equipment and 
supplies had to be taken on each flight in order 
to insure a reasonable amount of safety for the 
crew in case of a forced landing. This equip- 
ment included such items as food, clothing, man- 
hauling sled, Primus stoves, trail tents, man skis, 
sleeping bags, shovels, and fuel for Primus stoves. 
All these items were essential, and no flight ap- 
proaching major proportions could be made with- 
out them. As all major flights had to be of a 
radius of over 400 nautical miles in order to ac- 
complish the objectives, sufficient fuel had to be 
carried for a flight of at least 11 or 12 hours’ 
duration. 

Owing to the method of installing the fuselage 
tanks in the Condor, a great deal of space could 
not be utilized advantageously. Therefore the 
stowage of food and equipment was somewhat of 
a problem. The requirements of the photogra- 
pher and the observer had to be taken into ac- 
count. By securing as much equipment as 
possible to the overhead and to the sides, barely 
enough space was provided. 
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The instrument most used for air navigation in 
the Antarctic is the sun compass. Without it, 
a flight of any great distance would involve too 
great a hazard to permit its being undertaken. 
Therefore, no flights were attempted from West 
Base unless the sun was out and the skies showed 
not over 10 per cent overcast. 

The Navy Department Mark IV Gyroscopic 
Drift Sight was used a great deal and to distinct 
advantage in determining drift, force and direc- 
tion of the wind, ground speed, height, and sur- 
face. It was also used as a pelorus in taking 
bearings of objects on the surface. 

The Mark IV Plotting Board and Computer 
was of use in plotting courses, recording drift, 
magnetic compass corrections, speed, and dis- 
tance, and in computing temperature corrections. 
The magnetic compass was useful where the 
variation was known, but it was sluggish and 
would require almost constant checking with the 
sun compass for error. Variation changes very 
rapidly over just a few degrees of longitude in the 
Antarctic. At West Base the variation was ap- 
proximately 109 east. 

On most of the major flights from West Base 
the courses were laid out as great-circle courses. 
For example, Flight C was laid out in the follow- 
ing manner: a Gnomonic poles chart was used, 
from which a great-circle course appears as a 
straight line; the course was picked off this chart, 
and, when a change was made every 2 to 5 de- 
grees of longitude, these points were called sta- 
tions; these were numbered consecutively, meas- 
ured for distance, and precomputed for time at 
estimated cruising speed through the entire flight. 
At each computed station the necessary changes 
in course, checked drift angle, magnetic compass, 
set gyro compass, etc. were duly made and re- 
corded, and the position was reported to West 
Base. 

This system proved fairly accurate, since all 
points were sighted, although head winds and 
bad weather conditions would, from time to time, 
cause alteration in the planned flight. Radio 
bearings are of great value whenever it is possible 
to use them, and care should be taken to main- 
tain constant check on the radio compass and 
homing loop. 

Octant sights and celestial navigation were not 
used to a great extent on flights from West Base. 
This was mainly owing to apparent sluggishness in 
the bubble at low temperatures; also, because of 
the low temperatures, ice crystals formed around 
the bubble cell and lens, making for a distorted 
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view of the object sighted. A few sights were 
taken during spring operations when tempera- 
tures were somewhat higher, and the results were 
fairly satisfactory. 

Other navigational instruments, such as air 
speed meter, artificial horizon, turn and bank 
indicator, etc., seemed to work satisfactorily, 
care being taken always to apply necessary cor- 
rections for temperature. 

Visibility in the Antarctic is excellent, provid- 
ing always that the sun is in the clear. Almost 
any degree of overcast will, however, cut visi- 
bility down to near zero. When this happens, it 
becomes impossible to judge depth or distance. 
Owing to the very nature of the surface and other 
related conditions in Antarctica, a landing at- 
tempt during poor visiblity could very easily 
prove disastrous and should only be made in case 
of emergency. Whenever such an emergency 
landing has to be made, smoke bombs or some 
other dark object should be dropped to act as a 
marker. 

No difficulties were experienced in either take- 
offs or landings, provided visibility was good and 
the surface hard enough to hold the skis. Dur- 
ing the latter part of the spring-summer season, 
when the surface became soft, trouble was en- 


countered on several occasions and flight opera- 
tions had to be delayed until the surface again 
became sufficiently hard to support the skis. 
Sastrugi, especially if they be rough and high, 


can and do cause damage to landing gear. Care 
should always be taken to choose a landing field 
free from sastrugi that are especially rough or 
high and, of course, free from crevasses or pres- 
sure ice. The landing field should be as nearly 
level as possible. 

In taxiing, the engines must be handled smartly 
and allowances must be made for speed, cross 
wind, lack of control over side motions, etc. It 
must always be borne in mind that there is noth- 
ing to act as a brake while taxiing on skis. 

As has been mentioned, springs will break 
more easily during low temperatures; so, in land- 
ing, this fact must be borne in mind. This was 
one of the most frequent causes for the Condor 
being out of commission at West Base. This en- 
tailed a great deal of work in replacing broken 
springs with spares, and, in the case of the tail 
olio spring, no spares being available, new fittings 
had to be made on the olio strut to allow an over- 
sized spring to be installed. 
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SECURING THE PLANES 


As soon as possible after a plane has landed, 
the oil must be drained. Hoses, funnels, cans, 
and all other necessary equipment must be ready 
at the spot where the plane will be secured. It 
must always be remembered that in the prevail- 
ing low temperatures common to the Antarctic, 
oil will freeze in a very short space of time. It is, 
therefore, of the utmost importance that it be 
drained while it is yet warm. 

In choosing a site for securing the plane, con- 
sideration must be given to proximity of the gas 
cache and gassing facilities as well as to prevailing 
wind direction, objects which will cause drift to 
accumulate, and objects which must be kept in 
the clear, free of drift. A method used at West 
Base was to taxi the plane into position and place 
the skis into two trenches about 2 feet deep. 
The skis were then covered up. ‘Dead men”’ 
were buried about 3 feet under the securing fitting 
on each wing and near the tail, and from these 
“dead men” a 2-inch line was passed through 
and secured to the plane. Necessary battens 
and straps were then secured to the rudder, 
ailerons, and elevators. Battens of 1’ 3”, or 
similar articles, such as man skis, canvas strips, 
etc., secured between the wing struts and lying 
on the leading edge of the lower wing, will act as 
a wind-break, deflecting the wind currents, 
thereby causing no lift and lessening the danger 
of the plane being blown away. Using this 
method, the plane, held in this position and 
headed into the prevailing wind, will hold against 
any wind yet recorded in the vicinity of West 
Base in the Bay of Whales area of Antarctica. 
Drift snow will enter any opening, even a rivet 
hole, and it will form about the skis and tail 
surface and under the wings; so all vents, inspec- 
tion plates, doors, etc., should be well covered. 
Engines should be inclosed with the engine tents 
or such other covering as may be available, 
lashed and secured as snugly as possible. 

It was always found necessary to remove snow 
from engine nacelle, tail, and cabin before each 
flight, especially if the flight had been pre¢geded 
by a blizzard. However, if great care is taken to 
cover adequately even the tiniest crack or open- 
ing, this work can be reduced to a minimum. 

All equipment, such as tools, stoves, oil cans, 
shovels, and fire extinguishers, used during the 
heating or securing operations, must be carefully 
stored in either the plane, tent, cache, or shop, 
where they will be free from drift. The chance 














of finding equipment carelessly left on the surface 
is practically nil, since surface drift will soon 
cover it from view. 

It is recommended that all cowlings, inspection 
plates, and other removable coverings be made as 
tight as possible, all holes be covered, and Z US 
fasteners or some similar fittings be installed at 
the factory on all removable parts; removing 
small screws while wearing heavy mitts or 
gloves, necessitated by temperatures in the 
vicinity of —40°, is not a mechanic’s idea of a 
pleasant job. 

Sufficient men should always be on hand to 
assist with the heating of the engine and oil. 
They should also be on hand to assist in the 
securing of the plane. In the matter of securing, 
three additional men should be standing by to 
assist in securing a large, twin-engine plane— 
two for a single-engine plane. The flight crew 
usually is sufficiently busy removing from the 
plane equipment, photographic gear, navigation 
instruments, and the data collected on the flight. 


STORAGE DURING THE WINTER NIGHT 


The method used by previous Byrd expeditions 
to the Antarctic for storing a plane was to lower 
the plane to a position where the lower wings 
were well below the surface. This was accom- 
plished by digging out under the wings, jacking 
up on skis, and then digging out from under the 
skis; then, by lowering away a few inches at a 
time, the plane was partially buried. It was 
then necessary to build a wall of snow blocks 
around the wings, fuselage, and tail, continuing 
the structure until it was higher than the top 
surface of the wings. Poles or beams were then 
placed across the top of the snow walls, and the 
whole was covered with a canvas tarpaulin. 
During the winter night the drift would fill in up 
to and over the top, and in the spring all hands 
would be called upon to aid in digging the plane 
out. This always proved to be one of the major 
projects in preparation for spring operations. A 
ramp of not over 20-degree slope had to be made 
of sufficient proportions to permit clearance of 
the wings and other parts of the plane. This 
entailed the use of picks and shovels, and acci- 
dents to the plane were common; holes were 
knocked in the fabric accidentally because men 
handling the picks and shovels had but faint 
idea of actual boundaries between snow and 
plane sections. This naturally caused additional 
work for the plane crew in making repairs. At 
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best it is a big job, and any means which would 
tend to improve the system of plane stowage, it 
was felt, should be given careful consideration. 

A plan worked out at West Base proved to be 
a vast improvement over previous methods. A 
spot about 100 yards east of the easternmost 
building of the camp was chosen as a site for 
the Condor hangar. It was felt that, as the 
prevailing wind in this vicinity is approximately 
east-southeast, the presence of the hangar would 
not cause drift over any portion of the camp 
proper and at the same time the hangar would 
be in the clear itself. The two planes were se- 
cured with the Condor nearest to the camp and 
the Beechcraft about 30 yeards beyond and to 
the side. Both were faced into the prevailing 
wind. Within two weeks snow had drifted even 
with the lower wings. At this time all hands in 
camp were called upon to build the snow walls of 
the hangar. Constructed of cut-out snow blocks, 
the wall averaged 4 feet or more in thickness and 
was built to a height of some 2 feet above the top 
of the wings and tail. This wall completely sur- 
rounded the plane. Inside this hangar of snow 
blocks, between the walls and the plane itself, 
uprights of heavy lumber, 4’ X 4” or 2” x 6” 
were placed, resting on wide pieces of lumber 
which served as foot pads. Upon these uprights, 
strongbacks of 2” X 6” or other heavy timber 
were secured over the wings and fuselage and tail. 
These beams, placed 5 or 6 feet apart and braced 
together with 1’ X 3” battens, formed a scaffold- 
ing completely surrounding the plane. Over this 
scaffolding was spread heavy canvas, securely 
nailed down with battens and held in place with 
large snow blocks. Spaces under the engine and 
near the door and the tail were dug away in order 
to allow free access to any part of the plane. A 
door and a hatch were made in the side, and the 
entire hangar made as secure as possible for the 
winter night. 

During a 50-knot wind some snow did drift 
through the top and through the snow walls. 
This snow was removed by passing it up and 
out through a hole in the wall. When the job 
had been completed, the hole was sealed up. 
Much time was spent in sealing up holes in the 
top and in the side walls of the hangar until it 
was practically drift-proof. However, the snow 
walls in time did settle somewhat, and the up- 
right beams sank into the snow floor of the hangar 
because the foot pads were not quite large 
enough. 

This condition caused the entire top to sag and 
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rest on top of the wings. It was necessary, there- 
fore, to jack the beams up from time to time, 
with additional blocks placed underneath, there- 
by keeping the weight off the wings. In some 
places this settling was as much as 5 feet, and 
care had to be taken to keep the canvas over the 
walls. Additional canvas strips had to be placed 
in various sections from time to time, and exces- 
sive snow had to be removed from the top. 

Actually, hangar work was carried on all 
through the winter night; engines were con- 
stantly checked, holes were patched, snow was 
removed from nacelles and tail, and a general 
inspection of the plane was maintained. The 
wind causes a high drift ridge to the side and 
rear, but a “wind moat” or hollow space was 
formed in front and at the wing tips. In the case 
of the Condor, at the nose section, a space about 
12 feet wide was filled. Otherwise, owing to the 
position of the hangar facing into the prevailing 
winds, no great drift was formed infront. Later, 
in the spring, when the task of digging the planes 
out began, this proved to be a great advantage, 
for without drift far less work was entailed. 

In digging out the Beechcraft, the hollow space 
in front of the hangar was sloped, thereby form- 
ing aramp. At the same time the roof was re- 
moved and the side walls were taken down to 
allow the tail to pass. Skis were then cleared 
and broken free. A “dead man” was_ buried 
some 60 feet forward of the ramp, and a heavy 
line was attached to it. A small chain-fall was 
made fast to a bridle and hooked to the landing- 
gear struts, and the plane was hauled up the 
ramp to the surface. As the tractor was not 
available at the time, the chain-fall system was 
brought into use and proved very successful. 
The entire operation took less than four hours 
with 12 to 15 men working to clear away the 
snow and ice. As the temperature at the time 
was in the vicinity of —50°, the snow was ex- 
tremely hard and this served to slow the work 
up to some extent. 

The Condor was dug out in much the same 
manner. The weather being slightly warmer, 
the snow was not so hard. A scraper, hauled by 
the tractor, proved of great assistance on this job 
in hauling away the snow as the ramp was being 
dug and the walls torn down. All hands turned 
to on this job—30 to 33 men being employed 
throughout the day. A ramp was dug, the roof 


was removed, and the snow walls were torn down 
and the blocks cleared away to a satisfactory dis- 
tance to permit the plane to come out of the 
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hangar. A threefold tackle was attached to a 
bridle which, in turn, was hooked to the landing- 
gear struts. The tractor was secured about 200 
feet ahead of the ramp, and the standing part of 
the tackle was made fast to the tractor. The 
drum of the tractor was used to haul away on the 
hauling line. By continuously pounding on the 
skis with a heavy maul to prevent them from 
freezing, the plane was broken free, and the 
tractor then had little difficulty in hauling the 
machine to the surface. The entire job took 
about 2% days, and little damage was done to 
the plane. Two or three small holes in the 
fabric, caused by small snow blocks falling on the 
wings, was the extent of damage found during a 
careful inspection after removal of the plane. 

As a plane is in winter storage for nearly half 
a year in this section of Antarctica, and as so 
much depends on the efficient maintainance of 
the plane during this period, great consideration 
and forethought must be given to the selection of 
a suitable site and to the erection of the hangar. 
There will always be a certain amount of digging 
to remove accumulated snow and ice, and there 
will be work attendant on hauling the plane to 
the new surface level at the end of the winter 
night. But it is believed that a portable hangar 
could be used to advantage—something light, 
compact, and inexpensive. This type of hangar 
would require but little time to build and would 
need but few men for construction at the time 
the plane is stored away. At the time when it is 
necessary to put the plane away, as many men 
as possible are required on other jobs preparing 
the camp for the winter night. With the sun 
sinking ever lower during this period, time is a 
most important factor. It is believed that a 
hangar could be constructed, disassembled, 
shipped with the plane, and then assembled 
around the plane for winter storage. The hangar 
could be constructed of uprights and cross-beams 
of 2” & 6” timbers in pairs with large floor panels 
4 or 5 feet square to prevent sinking in the snow. 
Uprights would be high enough to permit clear- 
ance by 2 feet or more of the highest part of the 
plane. These uprights and cross-beams would 
be spaced about every 4 feet all around the 
plane. Members 2” X 4” or 2” X 3” would 
join the cross-beams and uprights on top and at 
the sides, forming a complete framework—the 
whole structure to be secured by means of bolts 
and lag screws. Over this structure would go a 
heavy tarpaulin, cut to fit, hauled over and se- 
cured to the framework’ by means of stops sewed 















in position on the canvas and tied to the frame- 
work in fairly close order. These ties should be 
not more than 3 feet apart, extending up the 
sides and over the top. This would prevent the 
wind from whipping and tearing the canvas 
loose. A snow wall could then be formed about 
3 or 4 feet up each side to secure the bottom. It 
would be the work of but a day for a few men to 
erect the framework and hoist the canvas into 
place, and it is felt that a hangar would be 
formed that would not only keep the plane safe 
and secure for the winter night but would also 
provide more space and comfort for the aviation 
mechanics working about the plane. In this 
type of hangar Primus stoves could be used for 
heat in comparative safety, and the plane could 
be kept in better condition. In the spring the 
ramp would be dug, the canvas removed, and the 
beams unbolted in a few simple operations, and 
then the plane would be ready to haul out. 

The framework in the houses used on this ex- 
pedition is much the same as that described for 
the hangar—2” X 6” in twin pairs, bolted to- 
gether to form uprights and cross-beams. The 
houses, of course, have insulated panels forming 
roofs and walls which would be entirely unneces- 
sary for a hangar. The heavy canvas, it is 
believed, would prove quite satisfactory and easy 
to handle. 

SPRING OPERATIONS 


Such preparations as emergency food, clothing, 
tents, and other emergency camping equipment, 
tools, etc., required to be in the plane on all 
flights, should be assembled, weighed, and 
checked and in all respects made ready during 
the winter night or, at least, prior to the start of 
the flying season. This assemblage of emer- 
gency equipment is a most important feature of 
Antarctic flying and should under no circum- 
stances be prepared in last-minute haste or other- 
wise haphazardly assembled. Flight plans should 
be decided upon, courses should be laid out, and 
such other preparations as are possible or advis- 
able under existing circumstances should be ready 
by the start of the flight season. As the number 
of good flying days is strictly limited in this sec- 
tion of Antarctica, the plane should be kept in 
constant readiness to take advantage of any 
favorable break in the weather. 

Flight operations were greatly retarded at 
West Base because of unfavorable weather condi- 
tions. There were times when overcast condi- 
tions held in this area for three weeks without 
ever a break. 
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As the condition of the Condor proved that it 
was inadvisable to overload the plane, much of 
its cruising range was cut down. This was, of 
course, a big handicap to our planned aerial 
operations. 

Base-laying flights were made to such points as 
Mount Rea, ‘‘105 Mile Depot,” and a position at 
80° 50’ S., 143° 30’ W. Gasoline and food were 
cached at these points to permit the plane to re- 
fuel and extend its range. 

As it was not advisable to carry too large an 
amount of gasoline in 5-gallon containers because 
of the possible danger of leakage, the fuselage 
tanks were filled and empty cans were carried in 
the plane. A portable pump was carried on all 
flights, and, upon arrival at a cache, this pump 
was used to fill the 5-gallon cans. The filled cans 
were then placed in a well-marked location with 
the food and other equipment to be left piled 
near by and likewise well marked by a snow cairn 
and flags. When this operation was completed, 
the plane would return to the base. The total 
time required to unload the plane on these base- 
laying flights was never more than 15 minutes. 

These gas caches extended the flight range 
several hundred miles. This was especially true 
in the case of the Beechcraft, which was used 
extensively because of its low gas consumption. 

The actual flights, the territory covered, and 
the surveys and discoveries made, are discussed 
in other reports of the expedition. 

One of the major repair jobs done on the Con- 
dor was the replacing of a broken landing spring. 
This particular job took the better part of a day 
and a night to complete. First, a large platform 
had to be constructed on the snow surface. The 
plane was then jacked up and the landing-gear 
strut replaced. Replacing the broken tail land- 
ing spring also presented a problem, for a new olio 
spring had to be made from an old main landing- 
gear spring which was much larger. At the same 
time new fitting collars, etc., had to be made on 
the olio strut. 

Engine and plane checks were carried out with 
little or no trouble. Work tents were rigged over 
the engines and heated sufficiently to enable the 
work to be accomplished in comparative comfort. 

Early in January, after the major flights had 
been made, it became necessary to make one 
more flight a short distance eastward to aid the 
tractor party, which was having difficulty pro- 
ceeding into the base because of exceedingly soft 
surface conditions. This flight ended in a forced 
landing. Following is the Base Leader’s official 
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report to the Commanding Officer and the Execu- 
tive Committee concerning flight and forced 
landing. 


4 January 1941 
lo: Ning Nord Q NIJS NPQ NOBS 


Due to the risk of forced landings it was determined that 
after first January no extensive flights would be made away 
from the base except in case of emergency. From our last 
major flight to east 18 December sky has been almost con- 
tinuously overcast and air temperatures have remained 
close to thawing point with much snow falling. These 
conditions so seriously altered surface conditions that re- 
turning trail parties to the east have had to struggle to 
make only a few miles per day. Dogs suffering under 
heavy going in deep snow after so long on trail rations were 
tiring to extent all gear except emergency equipment 
abandoned to tractor. However tractor itself after extrica- 
tion from crevasse December 25 and 26 has had such heavy 
going that it seemed for a while that even the tractor would 
have to be abandoned. Late January 2nd weather im- 
proved slightly with lower temperatures and better visi- 
bility. Tractor was at 92 miles after abandoning 2 sleds 
and some gear. Ferranto and Griffith vainly trying to 
struggle with scientific specimens and instruments of trail 
parties but with prospect of running out of gas due to great 
loss of fuel each time tractor and sleds bogged down. 
Dog teams all at 71 miles were light and still unable to 
make sufficient speed to keep up with their caches and 
feared running out of dog food before reaching base. To 
relieve situation Condor prepared to take off despite light 
drift, force wind at Little America with assurance condi- 
tions better to east. McCoy, Giles and Siple in Condor 
with gas for tractor and dog food took off local midnight 
and jumped cloud belt between Kainan and Okuma Bays. 
Fog closed in over trail parties and altho located by follow- 
ing trail were lost to sight when circle made to attempt 
landing. Hoping for improvement in conditions Condor 
proceeded to tractor at 92 miles and landed. About 1,000 
pounds of gear was taken from material marked for aban- 
donment and after leaving 50 gallons of gas Condor took off. 
Surface smooth and takeoff easy even tho snow surface 
bothering tractor was twelve inches deep to a man walking 
without skis. Shortly after setting plane on course star- 
board engine began to cough and vibrate. Just before 
reaching edge of overcast about 80 miles from base engine 
quit with clatter and momentarily bust into flames. Giles 
observing signaled McCoy for instantaneous cutting of 
motor. McCoy executed perfect dead stick landing near 
trail. Giles established radio contact base in glide and 
reported safe landing. Inspection showed number 4 cylin- 
der head sticking part way through cowling. Radioed 
base for Petras and Gray to come out in Beechcraft with 
tools and spare cylinder assembly. In meantime pulled 
cowling and discovered that it was cylinder containing 
master rod which could not be repaired in field. At this 
late date and surface conditions prevailing could not hope 
to bring out spare engine and equipment needed to replace 
Beechcraft arrived within two hours. While Gray exam- 
ined engine Petras and Siple took off in Beechcraft with 
dog food and ferried it to trail parties still under thin fog. 
Flew to coast hoping to find suitable spot where might be 
possible to freight equipment in Condor to barrier edge for 
Bear to pick up but at no place in Okuma or bay to west 
is there a safe slope from barrier to sea ice. Returned to 
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Condor. Petras returned to Little America with Giles and 
Gray. Meantime McCoy and Siple made Condor as secure 
as possible. Petras returned and forced to fly low along 
trail to east to again locate Condor under low overcast. 
Landed safely in increasing wind and took off with McCoy 
and Siple and few valuable specimens and instruments. 
Returned safely to base just twelve hours after original 
Condor take off. Concerning engine failure following from 
McCoy’s report. ‘Took off 0200 plane No. 9584 made a 
normal takeoff from tractor party 92 miles east of Little 
America. No undue strain or trouble was noticed altho 
surface was soft. Plane was in air after run of not over 200 
yards. Oil temperature on both engines about 60 degrees. 
Cylinder head temperature about 200 degrees. Manifold 
pressure not exceeding 35 inches on takeoff. After about 
five minutes in the air the starboard engine cut out but 
picked up. At first this was believed due to fuel trouble 
or fouling up after running idle on the surface for about 
one half hour. The engine did not clear up. After a few 
minutes a distinct vibration was noticed throughout the 
plane. The smell of oil burning was noticed and smoke 
could be seen around the engine cowling. The plane was 
turned toward the trail to enable us to land in a known 
position. At this time the starboard engine gave a violent 
jerk and loud knocking was heard. Fire was noticed on the 
outboard side of the engine. The switches were imme- 
diately cut and a normal landing made. Upon inspection 
number four cylinder containing master rod was found to 
have been broken off just above the flange. The cylinder 
head was out through the engine cowling. The piston was 
broken into several pieces and jammed between the cylin- 
der flange and the cylinder. The master rod was broken 
at the top and badly bent. Particles of metal from the 
piston and cylinder were strewn throughout the engine. 
After removing the broken parts it was apparent it would 
be impossible to repair engine short of major overhaul. 
No lack of oil was apparent as cylinder walls piston rings 
piston pins etc. showed no signs of lack of oil and had 
sufficient oil when removed. The engine had just under- 
gone a regular 30 hour check. Failure occured two hours 
after check. Total engine time to date 861 point 60 hours. 
Total time since overhaul 104 point 10 hours. Four major 
overhauls to date. It is recommended that the master rod 
cylinder and pistons on R4C Dash 1 plane 9585 at East 
Base be thoroughly inspected to safeguard against any 
possibility of failure of same kind.’”” Weather and surface 
conditions alone will determine whether tractor or Beech- 
craft can return to Condor to bring back any more of cargo 
and instruments abandoned with it. Every effort within 
safety will be made to save as much equipment as possible. 
The base leader wishes to commend to the Cousas and 
Executive Committee the efficient and skillful actions of 
the entire aviation and radio personnel during this emer- 
gency. Identification of engine failure; Wright Ri820 
Dash 12: Bu. no. 1362; Mfg. No. 22812 installed in R4C 
Dash 1; plane 9584; NUW. 


There is little to add to this report and state- 


ment. The cylinder in question was closely in- 
spected, and we believe the accident was due to 
weakness in the cylinder walls. Photographs 
were taken of the broken parts and are on file 
with the official photographic records of West 
Base. 

On January 9, 1941, a favorable break in the 











weather enabled Petras and Giles to fly the 
Beechcraft to the Condor and remove most of 
the instruments and equipment which had been 
abandoned with the plane. 

After the arrival of the ships to return the ex- 
pedition to the United States, the Beechcraft 
made several photographic and utility flights. 
The Beechcraft was kept in full commission dur- 
ing the entire period of evacuation of West Base 
and to within a few hours of the time the North 
Star sailed out of the Bay of Whales on February 
1, 1941. Too much credit cannot be given 
Petras and the Beechcraft, which proved such a 


Plane (empty) 

Crew..... 

Gasoline... .. 

Gas cans (empty). 

Se, pack in, A ERE Bree 

Personal clothing... . 

Sleeping bags and mattresses 

Man-hauling sled. . . 

Skis, poles, & boots... 

Man-hauling harness. . 

Alpine rope...... 

Food rations... . 

Tents and poles... 

MS ete a oaks 

Kerosene and cans. 

Shovels. ... 

Ws wt “f 

Deadmen* and lines... . 

Engine tents. . 

Mess box & equipment. 

Drift sight.... 

Primus stoves. . . 

Primus cooker 

Blow torch... 

Medical kit... . 

Funnels & hose... 

Navigational equipment—sun compass, 
octant, dividers, etc...... : 

Photographic equipment—camera, 
film, stands. . 

Trail radio set 

Unavoidable snow. . 
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valuable addition to the West Base aviation unit. 
Flights were made which would have been im- 
possible without a small plane of this type. 

The total flight time for the Condor while in 
the Antarctic was 104.10 hours. The total flight 
time for the Beechcraft during the same period 
was 201.0 hours. 

In closing this report I wish to commend Pe- 
tras, Gray, Giles, and all the other men who were 
connected with or aided in any way the aviation 
unit activities at West Base. Through the splen- 
did co-operation of all, I believe it was an efficient 
and successful unit. 





WEIGHT TOTAL 
NUMBER EacH WEIGHT 
(pounds) (pounds) 
—_— _— 13,053 
5 200 1,000 
.. 960 gal. 6.5 6,240 
— | 2 40 
50 gal. 8 400 
5 50 250 
5 35 175 
1 25 25 
5 pr. 20 100 
5 3 15 
60 ft. 6 

5 (x?) 65 per man 650 (two months) 

1 70 70 (double set) 

1 kit 50 50 
10 gal 38 per 5-gal. can 76 
2 4 8 
1 2 2 
3 5 15 
2 40 80 
1 12 12 
1 30 30 
2 50 100 
2 35 70 
1 2 2 
2 5 5 
2 5 10 
— _— 10 
— — 90 
1 70 70 
- pean 100 






* Planks or other articles buried in the ice to attach securing lines. 






Total load... 22,754 
Normal load 


17,500 







Overload.... 5,354 Ibs. 
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WEIGHT ALLOWANCE FOR BEECHCRAFT D-17 MODEL 


Weight empty. 
Weight fully loaded not to exceed. . 


License authorization of CAA as follows: 


With fuel tanks of 149 gallons maximum payload is 524 Ib. 

WEIGHT 

(pounds) 
Plane (empty). . iva ihr 
148 gallons of gas....... 1036 
Pilot and two passengers. . ; ata -< 
Trail radio... yee aie ws 2 ites re 60 
Plane radio ; 5 
Emergency food and box for two men for one month aa 50 
Trail tent. . hata : re 5 
Skis—three sets................ es NG wees eee 6 
Heater for plane engine vba aay 10 
Kerosene and Primus stove Ea Kes Soe cs: 
Warming tent for engine and engine cove i 5 Oe 20 
Oil for engine.......... Pass he Pace Peas 64 
Aerial camera... Re apie Se fuee waar tee 40 
Man-hauling sled Tidy plat my vee 20 


Sleeping bags (3) , Kies 75 


Total load....... tac, ene 
Normal load : .. 4200 


Overload oa ees ee 





PUBLICATIONS 


OF 


The American Philosophical Society 


The publications of the American Philosophical Society consist of PRocEED- 
INGS, TRANSACTIONS, Memorrs, and YEAR Book. 


The PROCEEDINGS contains original papers which have been read before 
the Society in addition to other papers which have been accepted for publication 
by the Committee on Publications. Beginning with Volume 88 one volume is 
issued each year and the price is $5.00 net per volume. 


The TRANSACTIONS, the oldest scientific journal in America, was started 
in 1769; its quarto size makes it especially suitable for the publication of 
treatises and monographs. requiring large illustrations. Beginning with Vol- 
ume 34 one volume is issued each year and the price is $6.00 net per volume. 
The annual subscription price for both the ProceEpincs and the TRANSAC- 
TIONS is $10.00. 


Each volume of the Mremorrs is published in book form.. The titles cover 
a variety of subjects. The price of each volume is determined by its size and 
character; the prices have varied from $1.50 to $7.50. 


The YEAR Boox is of considerable interest to scholars because of the re- 
ports on grants for research and also because of the section devoted to the 
Library which contains in greater or less detail description of important hold- 
ings and accessions. In addition it contains also the Charter and Laws, and 
lists of Officers, Committees, and Members. The YEAR Boox is published 
as soon as possible after the close of each calendar year. The price is $1.50. 


A catalogue of the contents of the publications may be had 
by addressing the 


AMERICAN PHILOSOPHICAL SOCIETY 
INDEPENDENCE SQUARE 
PHILADELPHIA 6, PA. 











THE AMERICAN PHILOSOPHICAL SOCIETY 
Recent Publications 


PROCEEDINGS: (The following are symposia.) 


The Early History of Science and Learning in America. 14) 
Vol, 86, no. 1, 204 pp., 25 fig., 1942; Vol. 87, no. 1,119 pp., 55 fig.; 1943. $1.25 each. 


Post-War Problems. 
Vol. 87, noi 2, 78 pp., 4 fig., 1943. $1.00. 


Thomas Jefferson. 
Vol. 87, no. 3, 91 pp., 7 pl., 1943. $1.00. 


The Organization, Direction, and Support of Research. 
‘ Vol. 87, no. 4, 74 pp., 1944. $.75. 


Taxation and the Social Structure. 
Vol. 88, no. 1, 67 pp., 1944. $1.00. 


Wartime Advances in Medicine. 
Vol. 88, no. 3, 69 pp., 6 fig., 1944. $1.00. 


TRANSACTIONS: | 


John Bartram: Diary of a Journey through the Carolinas, Georgia, and Florida, 1765-66. 

William Bartram: Travels in Georgia and Florida, 1773-74; A Report to Dr. John 
Fothergill. Annotated by Francis Harper. 

Vol. 33; pts. 1 and 2, 242 pp., 50 pl., 1942-1943, Either part paper-bound, $2.00; to- 
gether cloth-bound, $5.00. 


Infectious Anemias Due to Bartonella and Related Red Cell Parasites, by David 
Weinman. 
Vol. 33, pt. 3, 108 pp., 1 pl., 1 map, 1944. $1.25. 


The Velocity of Light, by N. Ernest Dorsey. 
Vol. 34, pt. 1, 110 pp., 20 fig., 1944. $2.25. 


The Arc S of Iron (Fe 1), by Henry Norris Russell, Charlotte E. Moore, and 
Dorothy W. Weeks. 
Vol. 34, pt. 2, 97 pp., 1944. $2.25. 


The Mammalia of the Duchesne River Oligocene, by William B. Scott. Vol. 34, pt. 
3. (In press.) 
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MEMOIRS: 


La Tradition Littéraire des Idéologues, by Emile Cailliet. 
Vol. 19, 322 pp., 1943. $4.00, 


Edward T (1650-1708) and the Rise of Human and Comparative Anatomy in England 
by wr Ashley Montagu. ? 

Vol, 20, 488 pp., 57 illus., 1943. $5.00. 

Sumerian enh yf A Study of Spiritual and Literary Achievement in the Third 


Millennium B. C., by S. N. Kramer. 
Vol. 21, 125 pp., 21 pl., 3 fig., 1944. $2.00. 


Thomas Jefferson’s Garden Book, annotated by Edwin M. Betts. 
Vol. 22, 704 pp., 37 pls., 1944. $5.00. 








